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TWO GROUPS OF PATIENTS with immersion foot have been observed and 
treated at McCaw General Hospital since June, 1943. The first group con- 
sisted of 25 patients who were admitted to the hospital with varying degrees 
oi sepsis and gangrene of the feet, arriving approximately three weeks after 
having been removed from combat duty on the island of Attu. The second 
group of patients, numbering 27, consisted of cases admitted here at intervals 
by transfer from the Northwest Pacific area, with subjective complaints 
of delayed or latent disturbances of the feet coming on approximately six 
months or more after exposure during the battle of Attu. ' 

GROUP I 

The original group of 25 patients admitted shortly after combat duty 
on the island of Attu will be discussed first. Nine of these patients were 
evacuated from the scene of action primarily because of battle wounds 
(gunshot, shrapnel, etc.) ; the remainder were evacuated because of their 
immersion foot condition. ‘These soldiers averaged about 21 years of age, 
had had previous intensive training in the maneuvers of just such battle 
conditions as island landings and invasions, similar to conditions which 
they encountered in Attu, and they had been presumably selected for this 
invasion assignment because of their excellent physical condition, qualities 
of endurance and temperament. They all traveled to the Aleutians from 
California by submarine or transport, stopping over en route for one day 
at Dutch Harbor. 

The men all wore two pairs of socks (one’ pair woolen) and carried an 
extra pair in their packs. They were equipped with leather boots which 
reached to about four inches below the knee; a few of the boots had rubber 
soles. A group of ten men who came up on submarine were unable to 
change their socks or shoes for about four days before going into battle because 
of cramped conditions on the submarine and the constant alert status. Be- 
cause of battle conditions, they were unable to change socks or shoes during 
the action on the island, and, therefore, these men average about ten days 
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without a change of socks or shoes. These ten men were the most severe 
cases of gangrenous immersion feet. The other 15 men came up on trans- 
ports and were able to change socks or shoes up to the time of battle. 
They averaged three to six days without change of socks or shoes during 
their action on the island; they were the milder cases. 


Fic. 4A 


Fic. 4B 
Fic. 4.—Revision—Amputation proximal to metatarsal heads, both feet. 


These 25 men were among the advance Scouts of the invasion and went 
from submarine and transport to the island by means of rubber boats. 
Their feet and legs became wet almost immediately on landing. They had 
been instructed to discard all their equipment on contacting the enemy (6 to 
12 hours after landing on the Island). They were, therefore, all practically 
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without food throughout their stay in action, an average of about six 
days; and they had discarded their extra boots and socks, as well as other 
equipment. From what can be ascertained, the temperature ranged around 
35. F., and there was practically a constant damp fog. The men were 
forced to lie in ravines, gullies and foxholes for long periods of time in 
cramped, inactive positions; their feet and legs usually immersed in cold 
water because of the melting snows. Except for an ‘occasional hour or 


Fic. 5.—Right Foot: Revision—Amputation at metatarsal heads (first, second, third, 


fourth) and proximal phalanx fifth toe. 
Left Foot: Proximal to head first metatarsal; at heads second, third metatarsals; 


proximal phalanges fourth, fifth toes. 
two, the men received no real physical rest or sleep during their stay 
in action. 

Aside from general fatigue, exhaustion, numbness and discomfort of 
the feet, these soldiers had relatively little actual pain in the feet or legs 
until the shoes were removed when they were taken out of action. Of 
the men with battle wounds, three men had lost large amounts of blood. 
Almost immediately after removal of shoes and socks in all cases there 
was an onset of extreme swelling and pain in the feet; and in 6 to 12 
nours there occurred blackish discoloration of variable portions of the feet. 
Gangrene, first dry, then septic, set in. The men were removed to hospital 
ships as rapidly as possible (from 4 to 24 hours). Immediate treatment 
consisted of plasma in some cases, generalized application of warmth, warm 
food and drink, and morphine for control of pain. Local treatment of the 
feet consisted of repeated sprays with some sulianilamide spray preparation 
followed by the application of sterile dressings. All cases received sulfanila- 
mide by mouth. 
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The men were evacuated from Attu by ship to Barnes General Hospital 
as rapidly as conditions permitted ; after a stay of about four days at Barnes 
General Hospital, they were transferred to McCaw General Hospital. 
Almost all of the cases were running a low grade temperature with the 
exception of the most severe cases who ran septic elevations of tempera- 
tures. The men all appeared physically exhausted. Almost all the men 
had blood counts showing lowered red count, lowered hemoglobin and 
moderate to high leukocytosis. Six patients were given one or more blood 
transfusions shortly after admission here. All patients were placed on iron, 


Fic. 6.—Right Foot: Revision—Amputation proximal to head first, second metatarsals. 

Left Foot: Revision—Amputation at head of first metatarsal and through proximal 
phalanx of second toe. Note: Severe flexion contractures of other toes; subsequent ampu- 
tation—revisions performed through old remaining proximal phalanges. 


high vitamin concentrate therapy and high calorie diet. Ten feet of the 
25 cases showed little or no evidence of gross tissue loss. Ten feet had 
desquamation or separation of blackish superficial tissue without need for 
further surgical procedures. ‘Thirty feet required immediate débridement 
of gangrenous, suppurating soft and bony structures of both feet of variable 
degrees. Severity of gangrene involved the great toes most often, other 
toes next in frequency, and the remainder of the feet next. The wounds 
were left wide open for drainage, and skin retraction was prevented by appli- 
cation of liquid adhesive and stockinette traction. Following débridement, 
local therapy of the feet consisted of dressings of Azochloramid in triacetin, 
activated zinc peroxide emulsion, or normal saline dressings as the individual 
case required. Wherever possible, the intact skin in the region of the wounds 
was covered with a protective coating of compound tincture of benzoin on 
which was applied a mixture of zinc oxide ointment and castor oil to prevent 
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irritation from the drainage material and antiseptic agents. Large, massive 
loose dressings were applied to insure protection from pressure and to main- 
tain intrinsic warmth. In all cases the peripheral arterial pulses were of 
excellent quality. There was little or no evidence of elevation ischemia, but 
there was considerable bluish mottling of the skin of the feet on dependency. 
Only two cases presented marked evidence of peripheral vasomotor disturb- 
ances (palpable coldness, clamminess, hyperesthesia) on examination at time 
of admission. In almost all cases, tissue damage or destruction was con- 
siderably greater on the left foot than on the right. There was no apparent 
explanation for this finding. 


Fic. 7.—Latex rubber molds used to fill space in distal portion of shoes, after amputation 
revision through distal metatarsal region of both feet. 


Following initial surgical débridement, the 30 feet required one or more 
subsequent surgical procedures for plastic revision and closure of the wounds ° 
of the feet, in all, a total of 64 operative procedures. Six feet required 
amputation and revision of the first (great) toes alone, just proximal or 
distal to the first metatarsophalangeal joint, as local conditions of the tissues 
permitted. Eight feet required minor partial amputations of the second, 
third, fourth, and fifth toes in some cases in addition to amputation of the 
great toes. Six feet required amputation and revision through the distal 
metatarsal regions. Three feet had amputation and revision through the 
proximal third of the metatarsal regions. One foot had a tarsometatarsal 
disarticulation. In all cases of amputation and closure through the metatarsal 
regions skin closure was facilitated by undercutting and advancement of the 
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full-skin thickness. One case, after débridement through the metatarsal region 
of the foot and loss of about two-thirds of the skin on the remaining plantar 
surface of the foot, required a pedicle flap from the opposite thigh to obtain 
a full-thickness skin covering. This was done as a two-stage procedure, 
and an excellent soft, thick, flap covering was obtained. Four split-thickness 
skin grafts were performed for covering of defects on dorsum of feet. Two 
operative procedures for straightening of rigid flexed toes were done. In 
one case revision of all the distal phalanges was done for rigid flexion 


deformities. 


P Fic. 9.—Right Foot: Revision—Amputation through proximal phalanx 
rst toe. 

Left Foot: Revision—Amputation proximal to first metatarsal head; through 
proximal phalanges second, third, fourth, and fifth toes. 


All of the feet healed completely and the patients are walking without any 
difficulty. All of the patients were sent home on a convalescent furlough, 
and on return were observed for any development of pressure points on 
the feet; where pressure points were noted, correction was made by proper 
‘ modification of the shoes. As soon as patients were healed and ready to 
walk they were supplied with low quarter shoes and made-to-measure arch 
supports. In some cases plastic rubber prostheses were made to fill up 
space defects in the shoes and to prevent the foot from slipping forward on 
walking. In those cases in which there was loss of a considerable portion 
of the foot, plaster molds were made to permit accurate construction of 
prostheses. On resumption of walking these patients have had surprisingly 
little or no discomfort from wound scars and there has been little edema 
or other evidence of impaired peripheral circulation (with the exception of 
two cases previously noted). 

Throughout hospital treatment vascular exercises of the lower extremities 
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were conducted three times a day in an organized class fashion under the 
direction and supervision of one of the soldiers. As soon as the local condi- 
tion of the extremities and wounds permitted, patients received physio- 
therapy in the form of whirlpool, massage or muscle stimulation as the 
individual case required. 

All of the original group of 25 patients were walking well,ewithout need 
for crutches, cane or any other type of support at the time of discharge from 
the hospital. Those patients who suffered loss of distal portions of the 
feet involving all or any part of the metatarsals were able to walk sur- 
prisingly well when, in addition to fitted arch supports, a spring steel 


Fic. 10.—After surgical correction of deformity of both second toes. 


longitudinal strip was incorporated in the sole of the shoe. In some cases 
a transverse leather bar was added to the sole of the shoe, back of the 
metatarsal heads, in place of the transverse arch support usually placed 
inside the shoe. This modification seemed to supply a fairly satisfactory 
substitute for the “spring” of the metatarsophalangeal joints which is probably 
necessary in the take-off of each step. In those feet in which tarsometatarsal 
disarticulation was performed, there was no evidence of distorted tendon 
pull and there was normal stable body weight-bearing on the remnant of 
the foot. 

It was noted that soon after getting up and around, many of these patients 
developed evidence of a dermatitis of the feet, probably a manifestation of 
dermatophytosis. This condition responded promptly to treatment with 
potassium permanganate foot soaks, application of a boric-salicylic acid 
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foot powder to the feet and socks and shoes, and rigid enforcement of 
proper hygiene of feet, socks and shoes for all the men on the ward. 
Two lumbar sympathectomies were performed for those feet showing 
evidence of severe vasomotor disturbances; sympathectomy was performed 
prior to final plastic revision and closure of the feet. Surgical healing and 
Fic. 11A 


Fic. 11B 
Fic. 11A.—Right Foot: Revision—Amputation through proximal third 


metatarsal region. 
B. Left Foot: Revision—Amputation at tarsometatarsal joint, medial- 


plantar surface covered by pedicle flap skin graft. 
relief from coldness, clamminess and hyperesthesia has been good. Of the 
original group of 25 patients, two patients have returned to duty. The 
remaining patients have been separated from the service because of their 
inability to continue infantry duty and their lack of any other training or 
qualification which could be utilized in any other capacity. 
MICROSCOPIC PATHOLOGY 

All tissues removed at operations were carefully studied microscopically 
by Major Lawrence C. Milstead, Chief of Laboratory Branch, and several 
interesting findings characterized these tissues. The most prominent feature 
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was a marked generalized fibrosis and collagen deposition. Numerous smal) 
blood vessels and nerves were seen embedded in this dense fibrous and 
collagenous material. The surface epithelium in most sections showed a 
tendency to hyperkeratosis. There was evidence of extensive proliferation 
of the endothelial layers of almost all blood vessels with evidence of attempted 
recanalization of the lumen. The smaller arteries and veins showed almost 
complete obliteration of the lumen and some of the larger vessels showed 
obstruction of the lumen by dense connective tissue. There was also evidence 


Fic. 12.—Right Foot: Revision—Amputation through proximal third of first meta- 
tarsal, just proximal to heads of second, third, and fourth metatarsals, with removal of 
fifth metatarsal. 

Left Foot: Through mid-first metatarsal, and through distal third of second, third, 
fourth, and fifth metatarsals. 


of inflammatory round cell and plasma cell infiltration in the perivascular 
spaces. 
GROUP Il 

The second group of patients, numbering 27, consisted of cases admitted 
here at intervals by transfer from the Northwest Pacific area with subjective 
complaints of delayed or latent disturbances of the feet coming on approxi- 
mately six months or more after exposure during the battle of Attu. These 
patients came into battle somewhat later than Group I and were subjected 
to somewhat less severe environmental and battle conditions than those 
of the group who suffered severe tissue loss of the feet and who were admitted 
to McCaw General Hospital shortly after the battle. The majority of these 
patients complained of aching, burning pain in the toes and varying degrees 
of sweating and cold clamminess of the feet. However, increased local 
warmth, as well as cold, caused an aggravation of discomfort. Lumbar 
sympathetic blocks were performed in all cases with maximum temperature 
response in all, but with variable degrees of subjective relief of discomfort 
during block. In 15 of these cases the physical findings and discomfort were 
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minimal and these patients have been returned to some form of limited 
duty in temperate climates not requiring excessive standing or walking. 
In ten cases there were physical findings of moderate to severe vasomotor 
disturbances characterized by coldness, excessive sweating of the feet, and 
aching in the toes. In three cases there was evidence of moderate stiffness 
and rigidity of the toes, in addition to moderately severe vasomotor findings. 
In these three cases, study by lumbar sympathetic block indicated marked 
clinical relief of symptoms during block and surgical lumbar sympathectomies 
were subsequently performed in these cases. The seven other cases are 
still being observed at the present time. 

The patients who have received lumbar sympathectomy have been observed 
postoperatively for four months at this writing. Although they are con- 
siderably more comfortable as the result of warm, dry feet, with increasing 
physical activity they are beginning to notice a partial return of the sub- 
jective complaint of aching of the toes. Observation over a long period of 
time will be necessary to properly evaluate the efficacy of lumbar sym- 
pathectomy in these and other postimmersion feet with subjective residual 
symptoms of a vasomotor character. 

The gradual development of clawtoe deformities of the feet in some of 
these cases has been a troublesome complication. The condition can prob- 
ably be explained on the basis of the exaggerated deposition of collagenous 
and fibroblastic material in the tissues following immersion foot exposure 
with subsequent gradual contractures. In some cases there was definite 
evidence of a tendency to a congenital clawing of the toes, with aggravation 
by the immersion foot exposure. Where rigid contracture of the toes 
occurred, with friction-irritation from the dorsal aspect of the shoe, surgical 
procedures for straightening of the toes were performed. The performance 
of repeated lumbar sympathetic block, or surgical lumbar sympathectomy, 
had no apparent effect on the development or progress of the clawtoe 
deformities. 

The persistence of pain in the toes and feet is probably related to the 
extensive perineural fibrosis, as demonstrated in tissue sections. With late, 
progressive contracture of this perineural fibrosis, the delayed aggravation of 
pain in some cases may be explained. 


COMMENTS 


1. The provocative factors involved in the causation of these cases of 
immersion feet are fairly well understood, and have been encountered in 
many other military campaigns. The most important of these factors are: 
(a) Increased susceptibility to lowered environmental temperature (but above 
freezing) as a result of increased conductivity of the constantly wet skin; 
(b) vascular stasis of the extremities as a result of prolonged periods of 
inactivity while lying in foxholes, ravines, etc.; (c) The effects of hypo- 
proteinemia and vitamin depletion (from lack of food) on capillary permea- 
bility ; (d) the effects of loss of blood in those patients who were wounded: 
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The prophylactic measures to be considered are self-evident, but must neces- 
sarily be governed by battle conditions. 

2. Most of the tissue injury presumably occurs during this so-called 
“thawing out” period; that is, when the wet shoes or boots were removed, 
there was a sudden flooding or choking of the tissues with fluid. Such 
“choking” of tissues of the extremities with fluid is probably related to 
extensive vasodilation, possibly as a result of the accumulation of a toxic 
histamine-like substance in the tissues, as well as the other provocative factors 
of the immersion period. Thrombosis of smaller-sized blood vessels is un- 
doubtedly related to the sudden increase in pressure within the tissues of 
the extremities. The extent of tissue necrosis and gangrene is obviously de- 
pendent upon the extent and severity of the choking of the tissues and the 
thrombosis, and the degree of recanalization of end vessels of the extremities. 
The deposition of large amounts of fibrinogen-rich transudate, collagenous 
and fibrous material is eventually responsible for contractures, hardening, 
and pain in the soft tissues of the feet and toes. 

The therapeutic implications are concerned with the prevention or control 
of the severe outpouring of fluids or transudate into the tissues of the 
extremities. The measures which suggest themselves are (a) elevation of 
the lower extremities; (b) immediate application (on removal of shoes or 
boots) of pressure dressing support to the extremities in the form of Ace 
bandages, gum rubber bandages, Unna’s paste boots, or possibly a light 
plaster encasement; (c) the local application of cold to the extremities; 
(d) the intravenous administration of hypertonic agents (plasma, glucose, 
etc.) to control transudation; and (e) the possible improvement of vaso- 
constrictor tone by the use of adrenalin. 

3. Careful observations indicate that amputation revisions through the 
feet, as far back as the tarsometatarsal joints, have provided satisfactory 
functional results for standing and adequate walking. In standing, the 
preservation of a stable tarsus sustains the mechanical arches of the feet, 
and the ligaments and muscles act to balance body weight on the tarsals. 
For walking, mobility at the metatarsophalangeal joints is necessary for the 
spring-like take-off of each step. The use of the spring-steel longitudinal 
strip in the sole of the shoe, and the transverse leather bar on the sole of 
the shoe placed back of the distal ends of the revised metatarsals, have 
materially improved walking. Insistence on continual care and hygiene 
of the feet has been stressed. 

4. The status of late vasomotor disturbances in these immersion feet 
cases is still indefinite and difficult to evaluate. In Group I, the severe 
cases with gangrene and loss of portions of the feet, there were few signs 
and symptoms of latent vasomotor imbalance. In Group II, the presumably 
milder cases without any tissue loss, which were received at this hospital many 
months after their original immersion exposure, the incidence of findings of 
vasomotor imbalance was high. The reasons for this situation are not clear, 
and may be related to constitutional sympathetic nervous system instability 
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of the individual patients. At any rate, therapeutic attempts by repeated 
lumbar sympathetic novocaine blocks in all the cases of Group II, and by 
Fic. 17 


Fic. 18 


Fic. 17.—Inflammatory fibrosis of skin; foreign body giant cells 
present. (x 64) 
Fic. 18.—Collagen replacement in subcutaneous tissue. (x 80) 


surgical lumbar sympathectomy in a few cases, have yielded disappointing 


results. 

Valuable cooperation and guidance in the management of these cases was rendered 
by Captain William Scoville, Chief of Neurosurgical Section; Major George Waters, 
Chief of Orthopedic Section ; and Lt. Col. O. S. Harbaugh and Lt. Col. J. D. Lamon, Jr., 
of the Surgical Branch. 
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TRANSTHORACIC RESECTION OF THE ESOPHAGUS 
AND STOMACH FOR CARCINOMA*® 


ANALYSIS OF THE POSTOPERATIVE COMPLICATIONS, CAUSES OF DEATH, 
AND LATE RESULTS OF OPERATION 


Ricuarp H. Sweet, M.D. 


Boston, MassacHvUsETTs 


FROM THE SURGICAL SERVICES OF THE MASSACHUSETTS GENERAL AND PALMER MEMORIAL HOSPITALS 
BOSTON, MASS. 


THE TECHNICAL ADVANTAGES of the transthoracic approach are now 
well established in the surgical management of certain cases of carcinoma 
of the esophagus and of the cardia and fundus of the stomach. Starting 
with the cases of carcinoma involving the cardia and fundus of the stomach 
or the esophagus close to the cardia, the application of this procedure 
has been extended during the past three years to include many cases 
requiring a total gastrectomy and more recently, by effecting certain 
modifications of the technic of operation, resections with anastomosis have 
been performed high in the chest for the removal of midesophagus lesions. 

In general, from the standpoint of the operative technic to be used, the 
cases can be arranged in three groups according to the location of the growth: 
(1) Lesions in the middle half of the thoracic portion of the esophagus. 
These require an esophagectomy with a high intrathoracic esophagogastric 
anastomosis, either just above or just below the aortic arch (Fig. 1). 
(2) Lesions arising in the lower esophagus or fundus of the stomach. 
In this group the resection includes a portion of the esophagus and a 
relatively large segment of the upper half of the stomach. An esophagogastric 
anastomosis low in the chest is carried out (Fig. 2). (3) Lesions which 
involve the major portion of the stomach but which invade the cardia and 
often the lower esophagus. ‘These require a total gastrectomy followed by 
an esophagojejunostomy low in the chest (Fig. 3). 

The cases in Group 1 present a rather special problem which is dealt 
with in greater detail in another place." Those in Groups 2 and 3 belong 
together under the heading of transthoracic gastric surgery. With occasional 
modifications of minor importance the technics described in two former 
communications were used in these cases.2»* Descriptions of the technics 
of these several procedures will, therefore, be omitted here. 

From 1939, when the first transthoracic gastric resection was performed 
at the Massachusetts General Hospital, until the present (November 1, 1944), 
127 patients with carcinoma of the stomach or esophagus have been operated 
upon by the transthoracic approach. Chart 1 illustrates the grouping of . 
these cases as to location and type of operation performed. 

There were 85 cases of carcinoma of the stomach or lower esophagus 
invading the cardia. In 24 of these the disease was inoperable and no 


* Read before the New York Surgical Society, December 13, 1944. 
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resection was carried out. A resection and anastomosis was carried out in 
61 cases. This makes a resectability in the gastric and lower esophagus 
cases of 71.7 per cent (of cases operated upon). Of the 61 cases of resection, 
ten lesions were low in the esophagus and 33 were in the fundus or cardia 
of the stomach, making 43 cases of partial resection of the stomach and 
esophagus followed by an esophagogastric anastomosis low in the chest. 
In the remaining 18 cases so much of the stomach was involved that a total 
gastrectomy was required. In these an esophagojejunal anastomosis was 
performed. 

The middle esophageal carcinoma group included 42 cases. Of these, 
17 were found to be inoperable. In 25 cases a resection was carried out, 
but in only 11 of these was a high intrathoracic esophagogastric anastomosis 
performed. This operation has been in use in this clinic only during the 
past year (1944). Previous to that the Torek operation was used. The 
latter was performed in 14 cases. These will not be discussed in this paper, 
in which it is intended to deal only with the cases in which an anastomosis 
was performed. The resectability for the entire group of 42 midesophagus 
cases was 59.5 per cent. 

Age of Patients Operated Upon.—Before discussing the complications 
and causes of death following resection, it is important to realize that a 
relatively large proportion of the patients subjected to operation were of 
advanced age. Table I gives the number of patients in each decade. 


IMMEDIATE RESULTS OF OPERATION 


(A) Inoperable Cases Explored——Exploration by the transthoracic 
route is a relatively benign procedure if one takes into account the nature 
of the disease and the almost universally poor condition and advanced age 
of the patients operated upon. 

Cases were considered to be inoperable when metastases were found 
in the lung, the liver, or in the peritoneum, or when the primary tumor 
was too adherent or was invading adjacent tissues or organs excepting the 
spleen or tail of the pancreas which could be removed. Regional lymph 
nodes containing metastases were removed in resectable cases along with 
the growth. In several cases a resection was performed even when involved 
nodes which were inaccessible had been found. The removal of an obstructing 
growth in such circumstances was considered to be justifiable because of 
the palliative relief which was brought about by the operation. In general, 
a radical approach to the problem was adopted and any growth which could 
be resected was removed, always hoping to effect a cure but actually 
expecting in the majority of cases a reasonable degree of palliation. 

Of the 17 patients with inoperable carcinoma of the midthoracic esophagus 
who were explored through the chest, four died in the hospital. The causes 
of death were in one case perforation of the aorta by direct extension of the 
tumor, in two cases mediastinitis from perforation of the growth, and in 
another case aspiration pneumonia. Of the 24 patients with carcinoma of 
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the stomach and cardia who were found to have an inoperable tumor, two 
died of pneumonia and one of an undetermined cause. “There were, there- 
fore, in all, seven postoperative deaths in the total group of 41 patients 
who were explored and found to have inoperable disease. This makes a 
postoperative mortality rate of 19.5 per cent. 


TABLE I 


AGE DISTRIBUTION OF PATIENTS WITH CARCINOMA OF THE ESOPHAGUS AND STOMACH WHO WERE OPERATED UPON 


Age Entire Series Resection Cases Only 
37 28 


(B) Cases of Resection and Anastomosis.—Although the total group 
of radical operations numbers 86 cases, as was pointed out above, the 14 
cases of midthoracic esophageal carcinoma in which the Torek operation 
was used are not included in this communication because of the entirely 
different technical problem involved and because the Torek procedure has 
been supplanted in all recent cases by resection and high esophagogastric 
anastomosis. Confining ourselves, therefore, to the radical resections fol- 
lowed by some form of anastomosis, 72 cases are available for study. Chart 2 
summarizes the results of this experience. 

There were 43 cases of carcinoma of the lower esophagus or of the fundus 
of the stomach invading the cardia in which a low esophagogastric anastomosis 
was performed. Eight of these patients died in the hospital (18.6 per cent). 
Of the 18 patients upon whom a total gastrectomy was performed, seven 
died in the hospital (38.8 per cent). In the midesophagus carcinoma group, 
where an anastomosis was performed, there were three deaths among 11 
patients (27.2 per cent). Thus, of the entire group of 72 cases of radical 
resection followed by anastomosis, 18 patients died postoperatively. The 
over-all postoperative mortality rate therefore, was 25.0 per cent. ‘Table 
II, which supplements Chart 2, indicates that of those who recovered follow- 
ing radical resection and anastomosis there were 13 patients whose con- 
valescence was marred by complications of one sort or another. ‘The total 
number of patients who manifested postoperative complications, obtained 
by adding together the number of deaths and the number of complicated 
cases ending in recovery, was 31, or 43 per cent. The total number of 
recoveries without complications was 41, or 67 per cent. 


ANALYSIS OF THE COMPLICATIONS OCCURRING AFTER RESECTION 

Table III gives a list of the principal complications which were recog- 

nized clinically or at autopsy. It must be remembered that in many cases 

several different complications occurred in the same patient so that the 

sum of the complications is greater than the total number of complicated cases. 
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MANIFESTATIONS OF INFECTION.—Empyema was observed in eight cases. 
It was a contributing cause of death in five of the patients who had a total 
gastrectomy. In all of these there was widespread sepsis with peritonitis, 
mediastinitis, or septic embolism, and the empyema was merely one aspect 


TABLE II 
IMMEDIATE RESULTS OF OPERATION 
Recovery Recovery 
with without 
No. of Cases Deaths Complications Complications 

Low esophagogastric anastomosis......: 43 8 10 25 
High esophagogastric anastomosis. ..... 11 3 1 7 
Entire group.......... 72 18 13 41 


of the generalized infection. It occurred in three cases of resection of the 
‘cardia and fundus followed by a low thoracic esophagogastric anastomosis. 
All were operated upon before the year 1942, at a time when sulfanilamide 
was being used locally in the chest and before catheter drainage of the left 
pleural cavity was used routinely in all cases. Since then there have been 
no cases of empyema except in the total gastrectomy group. All three of 
these patients recovered after suitable drainage of the empyema was effected 
by rib resection. 

Mediastinitis was recognized in four patients, as proven by autopsy 
examination. It may have occurred in others who recovered or upon whom 
no autopsy was performed. It was usually accompanied by other evidences 
of infection. 

Peritonitis, as mentioned above, was found at autopsy in five patients 
who died of overwhelming sepsis after total gastrectomy. 

Major wound sepsis occurred in two cases. In one of these there is 
little doubt that the patient’s life was saved by the use of penicillin. The 
organism in this case was staphylococcus aureus. 

Acute parotitis occurred in three cases, but in all of these the patient 
survived. In none was the patient extremely ill. All were bilateral. 


CARDIAC DISORDERS.— Table III enumerates the kinds of cardiac disorders 
encountered. Disturbances of rhythm without other cardiac signs were 
relatively infrequent, four cases in all. In three of these auricular fibrillation 
occurred and digitalization was of benefit. Auricular flutter occurred in one 
case and was of alarming seriousness. It was finally controlled by the 
administration of quinidine. Congestive failure of the heart was the principal 
or at least a major contributing cause of death in six patients. The majority 
of these had other complications as well, mostly sepsis. A diagnosis of 
myocardial infarction was made in three cases. 

PULMONARY EMBOLISM.— Massive pulmonary embolism occurred in four 
cases, representing an incidence of 5.5 per cent. In two of these sudden death 
resulted. In neither case was there any evidence of venous thrombosis in the 
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legs. One patient died while on her way to the front door of the hospital 
on the day she was to be discharged. The other died sitting in a chair the 
day before it had been planned to send her home. In the two other cases 
massive pulmonary emboli were found along with other complications when 


TABLE III 
ANALYSIS OF COMPLICATIONS WHICH DEVELOPED IN 72 PATIENTS IN WHOM A RESECTION WAS PERFORMED 
Low High Total Per 
Anastomosis Anastomosis Gastrectomy Summary Cent 
(no deaths) (all died) 
(2 operated upon) 

2 1 1 4 5.5 

(usually with empyema, often with 

mediastinitis) 
Major wound sepsis..............00. 1 1 0 2 2.8 
Cardiac disorders: 

Auricular fibrillation............ 2 1 0 3 4.2 

Auricuiar Matter 1 0 0 1 1.4 

Congestive failure........... sia 3 2 1 6 8.3 

Myocardial infarction........... 1 2 0 3 4.2 
Pulmonary embolism............... 1 0 3 4 5.5 
Thrombophlebitis of femoral vein 

(requiring ligation)............. 0 0 2 2 2.8 


an autopsy was performed. .In one of these the patient was so ill because 
of sepsis, including empyema and peritonitis, that he would have died even 
if he had not suffered the embolism. Although pulmonary embolism was 
probably the immediate cause of death, this case was included in the group 
of deaths from sepsis. In none of these cases of pulmonary embolism was there 
warning beforehand or time enough after the embolism occurred to tie the 
femoral veins. 


THROMBOPHLEBITIS OF THE FEMORAL VEIN requiring bilateral superficial 
femoral vein ligation occurred in two cases. 


CAUSES OF DEATH AFTER OPERATION 

In the entire series of 72 radical resections followed by some form of 
anastomosis (thus excluding the Torek operations) 18 postoperative fatalities 
occurred. The distribution of these fatalities according to the type of 
operation performed is shown in Table IV. 

In the 18 fatalities an exact anatomic diagnosis of the cause of death 
was obtained by postmortem examination in 11 cases. In most of these 
there were several complicating factors, but in each it was possible to determine 
the principal cause. In the remaining seven cases the clinical diagnosis 
unconfirmed by autopsy is given. 

Table V illustrates the principal causes of death arranged according to 
the type of operation performed. For the sake of brevity, in all those 
cases where the chief cause of death was infection of some type, the cause 
of death is ascribed to sepsis. In the majority of these there was widespread 
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overwhelming infection including often in the same case empyema (frequently 
bilateral), mediastinitis, peritonitis, pericarditis, septic infarcts of the liver, 
pancreatitis, and other foci. As was mentioned above, although massive 
pulmonary embolism occurred in four cases, it was thought to be the 
principal cause of death in only three. In the fourth case the embolism 
was probably the terminal event in a patient who was almost certain to die 


TABLE IV 


POSTOPERATIVE MORTALITY OF THREE TYPES OF OPERATION IN 72 CASES OF CARCINOMA OF THE ESOPHAGUS, 
CARDIA, OR STOMACH 


No. of Cases No. of Deaths Per Cent 


Resection, with low esophagogastrostomy.............-.-eseee. 43 8 18.6 
Resection, with high esophagogastrostomy..............:..0..- 11 3 27.3 
Tota! gastrectomy, with esophagojejunostomy................. 18 7 38.9 


of sepsis. In the remaining cases the chief cause of death could almost 
certainly be ascribed to congestive cardiac failure (three cases) or to myo- 
cardial infarction (two cases). 

The number of cases manifesting complications is too small to make 
any significant correlation between the type of operation or the location of 
the tumor and the nature of the complications which might occur. In the 
cases of carcinoma of the stomach requiring total gastrectomy, however, there 
was a much higher incidence of severe sepsis than in the other cases. This 
may have been the result of technical faults, but it would seem more likely 
that it was due to the fact that these patients were in a more depleted 
nutritional state than those who had less involvement of the stomach. During 
the past two years greater emphasis has been put upon the details of pre- 
operative preparation of the patient and, possibly as a result of this, less 
trouble has been encountered. 


COMMENTS REGARDING IMPROVEMENTS IN THE IMMEDIATE RESULTS 
OF OPERATION 

Chart 3 serves to illustrate the fact that as a result of accumulated 
experience and the establishment of a now fairly standardized routine of 
preoperative preparation, operative technic, and postoperative care, the 
relative frequency of complications after operation and the percentage of 
postoperative deaths have fallen, especially during the years 1943 and 1944. 
Starting in 1939 with one operation, the number of radical resections has 
increased rapidly each year so that thus far in ten months of 1944 there 
have been 34 cases. At first, the number of cases attended by complica- 
tions or resulting in death was roughly parallel with the total number of 
cases (Chart 3). But during 1943 and 1944 there has occurred a progressive 
decrease in the complicated or fatal cases and a relative increase in the 
survivors with or without complications. This reduction in the rate of 
occurrence of postoperative complications, whether fatal or not, cannot be 
ascribed to the operation of any one factor in the management of these 
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cases. It is more certainly the result of the benefits resulting from the 
accumulation of experience with the difficult problems which are presented. 
In the early cases the preoperative preparation was not so intensive or so 
prolonged, and did not include the intravenous use of amino-acid preparations 


35F 
34 


@——@ Number of cases of resection per year 


0---0 “presenting complications 
32} ©-..—@ Number of deaths-Post-op 
30+ 


28+ 
26+ 
24+ 
20+ 


44 to 


1939 40 4! 42 43 


Cuart 3.—Number of cases of resection and anastomosis per year, starting in 
1939 and including the first 10 months of 1944; number of complications and 


number of deaths each year. 


or the administration of sulfadiazene. The technic of operation has been 
modified very little, but now includes such things as the omission of the 
use of clamps on the esophagus, the utilization of routine drainage of the 
chest, and the avoidance, if possible, of splenectomy. In the postoperative 
care a much more thoroughly standardized procedure is followed. A summary 
of the factors which are considered of primary importance in the management 


of these cases follows: 


(A) PRELIMINARY PREPARATION OF THE PATIENT.—(1I) Prolonged pre- 
operative hospitalization of the patient (one to three weeks) to provide for 
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physical rest and thorough clinical and laboratory study to evaluate the 
patient’s condition. 
TABLE V 


CAUSES OF DEATH FOLLOWING RESECTION AND ANASTOMOSIS 
ARRANGED ACCORDING TO TYPE OF OPERATION 


Congestive Pulmonary Myocardial 
Sepsis Failure Embolus Infarction Summary 


Resection, with low esophagogastric 


Resection, with high esophagogastric 

1 0 0 2 3 
Total gastrectomy, with 

esophagojejunostomy............. 5 0 0 7 


(2) Transfusion of whole blood sufficient to restore the results of photo- 
hemoglobin determination to a normal level. 

(3) Administration of a high protein, high carbohydrate diet. This in 
the obstructed cases must often be almost entirely liquid; for those who 
can take solid food a well-balanced diet is prescribed. 

(4) Exhibition of large doses of ascorbic acid (100 to 1000 mg.) per day. 

(5) Exhibition of vitamin B-complex, usually in liquid form. 

(6) Digitalization in those with auricular fibrillation and in certain very 
elderly patients. 

(7) Routine administration of sulfadiazene, one gram every four hours 
for 48 hours preceding the day of operation. 

(8) Preliminary jejunostomy for feeding in a few patients who cannot 
swallow an adequate liquid or semisolid diet. 


(B) CONDUCT OF THE OPERATION.—(1) The use of intratracheal positive 
pressure inhalation anesthesia (ether and oxygen). 

(2) Routine complete expansion of the lung by the anesthetist every 20 
to 30 minutes during the progress of the operation. 

(3) Transfusion of blood during the operation. This is started as soon 
as the skin incision is made and two or three pints of blood are administered 
during the course of the procedure. 

(4) Use of silk technic throughout, including the anastomosis. 

(5) Avoidance of tying large masses of tissue. 

(6) Scrupulous hemostasis and particular care to avoid the development 
of hematomata in the mesentery or walls of viscera. 

(7) Avoidance of trauma to tissues; no clamps on the esophagus; no 
clamps for the anastomosis; no utilization of the cautery. 

(8) Avoidance of splenectomy when possible, (to prevent the develop- 
ment of splenic vein thrombosis and subsequent hepatic emboli). The 
spleen must be removed (a) if torn, (b) if adherent to the growth or if the 
growth invades the tissues around the splenic vessels; and (c) if it will lie 
in the way of the anastomosis (especially in those cases in which an 
esophagojejunostomy is performed). 
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(9) Avoidance of the local utilization of sulfonamides, which would pre- 
dispose to the development of empyema. 
(10) Routine insertion of catheter for closed system drainage of the chest. 
(11) Levin tube left with tip just above but not through the anastomosis. 


(C) POSTOPERATIVE CARE.—(1) Routine use of oxygen tent for 24 hours, 
or sometimes longer. 

(2) Removal of Levin tube on the day after operation. 

(3) Removal of chest drainage tube 48 to 72 hours after operation, 
depending upon the amount of drainage. 

(4) Careful clinical observation twice each day to detect particularly : 

(a) Tension pneumothorax. 

(b) Fluid in the chest. 

(c) Evidence of intrapulmonic disease (collapse or pneumonia). 
(d) Cardiac arrhythmias. 

(5) Aspiration of the chest if fluid is suspected. 

(6) Routine portable chest roentgenogram on the 5th day, or at any 
other time if indicated. 

(7) Daily administration of intravenous alimentation and medication 
of water with glucose or salt as indicated; aminogen if protein is low; vita- 
mins (ascorbic acid, riboflavin, thiamine, and nicotinamide). 

(8) Oral feeding, begun on the 5th day, of water (one ounce) every hour, 
with a gradual increase in the amount and kinds of nutritious fluids and later 
soft solids, depending upon the toleration of the patient. 

(9) Patient allowed out of bed on the 4th to 7th day. 

(10) Sulfadiazene, five grams daily, continued for five days, or longer 
if necessary; to be omitted if signs of toxicity occur. 

(11) Bilateral superficial femoral vein ligation and division if signs of 
deep phlebitis develop or after sublethal pulmonary embolism is detected. 


END-RESULTS AFTER RADICAL RESECTION FOLLOWED BY ANASTOMOSIS 

Reference to Chart 2 demonstrates that of those who survived the opera- 
tion some are already dead because of metastases or recurrence of the disease ; 
a few are alive with recurrent disease; and some are apparently well. The 
seven survivors following resection of carcinoma of the midthoracic esophagus 
followed by a high esophagogastric anastomosis are all apparently well, but 
all were operated upon less than one year ago, so that one cannot attach 
much significance to their apparent good results. More of the total gastrectomy 
cases occurred long enough ago to give some impression of the end-result. 
But the largest and longest surviving group is composed of those who had 
resections of the cardia with a low thoracic esophagogastric anastomosis. 
Table VI gives the results to date in the 35 survivors after resection of the 
cardia with low esophagogastrostomy and the 11 patients who survived after 
total gastrectomy. 

In the former group, 13 patients have been operated upon less than 
one year. Of these, three already show evidence of recurrent or metastatic 
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disease. Seven of the 35 patients died less than one year after operation. 
Fifteen patients survived one year, or longer. But of these, one is alive, with 
recurrence, and four died from one year to 18 months after operation. Eight 


TARLE VI 
35 CASES OF RESECTION OF CARCINOMA OF CARDIA 11 CASES OF TOTAL GASTRECTOMY 
Alive Alive, Died of ' Alive Alive, Died ot 
Time Elapsed and with Recur- + and with Recur- 
after Operation Well Disease rence ; Well Disease rence 
Less than 6 months......... 5 0 3 ' 5 9 0 
Six months to 1 year........ 3 4 H 1 1 2 
1 year to 18 months........ 2 1 4 ' 2 
18 months to 2 years........ 2 0 i ' 
2 
1 
19 4 12 H 1 


patients survived more than 18 months. One died before the expiration of 
two years, and two are alive and well a comparable length of time. Two 
patients are well between two and three years postoperative. Only three 
are alive and apparently well three or more years after operation. One of 
these, the first case of the entire series, is well after five years. 

Obviously, too little time has elapsed since the operation in the majority 
of cases to get any accurate impression of what the end-results from the 
standpoint of survival are to be. ‘They will no doubt be disappointing if one 
expects to cure these patients. But the importance of the operation as a 
method of palliation cannot be stressed too much. A large percentage of 
these patients before operation cannot swallow enough food to keep from 
starving. The happiness which results from being able to eat again is 
truly pathetic in many instances. Furthermore, one should remember that 
not long ago the great majority of patients with carcinoma in the esophagus 
or cardiac end of the stomach would have been refused the benefit of surgery 
because lesions in these locations were considered by the majority of surgeons 
to be inoperable. As a result of these factors I have adopted the policy of 
resecting every growth that can be removed even if the operation must be 
exceedingly radical, such as when it is necessary to remove a portion of 
the diaphragm, the spleen, the tail of the pancreas, or even portions of the 
left lobe of the liver. If after such radical surgery the patient is relieved 
of his obstruction and can swallow satisfactorily again, if only for six months 
to one year, the operation should be considered worth while. 
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SELECTION OF THE TIME FOR GRAFTING OF SKIN TO 
EXTENSIVE DEFECTS RESULTING FROM 
DEEP THERMAL BURNS 
H. J. McCorxuz, M.D., anp Henry Sutvani, M.D. 
San Francisco, Cauir. 
FROM THE DIVISION OF SURGERY, UNIVERSITY OF CALIFORNIA MEDICAL SCHOOL, SAN FRANCISCO, CALIF. 


LARGE. AREAS that have been deeply burned should be covered with 
epithelium by means of skin grafts at the earliest suitable opportunity. It is 
necessary, however, to wait until shock, alterations in body proteins, fluid 
and electrolyte balance, renal function, edema, “toxemia,” etc., have been 
controlled. Also, it is desirable to delay the grafting until the epithelium 
has been restored spontaneously to all areas of second degree burn. To 
wait for large full-thickness defects to epithelize, however, even though 
they contain small viable epithelial islands that eventually might spread to 
cover the area, is usualiy unwise. Grafting should be done early enough 
to avoid the period of debilitation so often associated with the presence of 
large granulating areas several weeks after a severe burn. Such areas are 
prone to become infected, bleeding, exuding and painful, and lead to 
extensive loss of protein and other serious nutritional deficiencies, sepsis, 
emaciation and poor morale. Maintenance of nutrition, with particular 
reference to a diet high in protein and vitamin C, is essential, especially if 
early skin grafting is contemplated. Though early grafting may be done suc- 
cessfully in the presence of mild localized infection, extensive, spreading or 
disseminated infection must be controlled before deeply burned areas can 
be covered with skin. Infrequent dressings done with aseptic precautions 
and supplemented by chemotherapy are valuable adjuncts in controlling or 
minimizing infection. 

It is difficult to designate an exact time that will satisfy all of these 
requirements. Some time between the fourteenth and twenty-first days after 
the burn often will be found to fulfill most of them. The most difficult 
problem in this particular period is the removal of the burned tissues 
from those which are viable, in order to obtain a surface suitable for the 
application of skin grafts. Many weeks are likely to be required for the 
autolization or spontaneous casting off of the tissue destroyed by the burn. 
The elimination of such tissues has been hastened somewhat by employing 
chemicals such as Dakin’s solution and more recently by the use of enzymes* ® 
or the pyruvic acid method.* An alternative method is their removal by 
surgical excision.’ *:® This should. be done in a fully equipped operating 
room, preferably at some time between the second and third weeks following 
the burn. The procedure of excision of burned tissues and early skin grafting 
may be used both for burned patients treated initially with a compression 
type of dressing and those upon whom coagulum-producing drugs such as 
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tannic acid-silver nitrate or the dyes were used. A general anesthetic is 


required. 
The burned are? 7d surrounding skin are cleaned thoroughly with a 
detergent solutio~ »:, © .aped with sterile linens. The proposed donor areas 


are prepared similarly, but separately. All necrotic tissue is excised, pre- 
serving as much viable tissue as is possible. The oozing of blood may 
be considerable, but is not dangerous if it is kept under control continually 


I.N. Male. Age Burned by hot coffee 
Hospital stay weeks. 


Fic. 1 


by pressure applied with warm saline sponges. Occasionally a few ligatures 
may be required to control actively bleeding vessels. During the dissection 
of coagulum and nonviable tissue care must be taken to minimize injury 
to remaining viable tissues. This dissection is difficult and slow. It is prefer- 
able to apply skin grafts at the same operation if the condition of the 
patient permits, but occasionally it may be necessary to delay for a few 
days before placing the grafts at a second operation. 

Skin grafts of intermediate thickness are removed from donor sites, using 
the Padgett or Blair method, and are fixed to the denuded areas with cotton 
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sutures. If the available donor sites do not provide enough grafts to 
cover the deficient areas completely, the grafts are cut into small squares 
(“postage stamps’), from 1.5 to 2 cm. in size, and are placed as near to 
one another as is possible over the entire defect, but they are not sutured. 
Donor and grafted areas are covered with a single layer of fine-mesh gauze 
impregnated with a grease base containing a bland antiseptic ointment and 
voluminous compression dressings are applied. In children or in adults 


otal area 
burned 


requiring 
aft 


E-T. Female : Age 4: Dress caught on fire 
Hospital “stay l2 weeks. 


Fic, 2 


with burns near joints a light plaster covering may be placed over the 
compression dressing. If possible, the original dressings are left in place 
for two weeks following the grafting procedure; if it becomes necessary to 
remove them earlier, the procedure should be done in the operating room, 
and a compression dressing should be reapplied at once. 

Usually the areas that were fully covered with grafts will be healed by 
about the fourteenth day, but “postage stamp” areas require longer periods 
for complete epithelization and should be redressed until they are entirely 
healed. Occasionally supplementary skin grafting may be required. Grafted 
areas must be protected from injury for several weeks or months. 

Over a period of one year (July I, 1942, to June 30, 1943) patients who 
suffered deep burns of the skin of .various parts of the body were treated 
as described above. The burned surfaces were débrided and grafted with 
skin (during the second or third week) after the injury. The burns varied 
in extent from two to 32 per cent of the body surface. The total period 
of hospitalization for this group of patients varied from five to 12 weeks 
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E.M. Female Age 17: Burned in auto accident 
Hospital stay — 8weeks. 


Fic. 3 


‘ITotal area 
urne 


Area requiring 
graft. 


L.McC. Male: AgeRB. Burned in bed. 
Hospital stay S&weeks. 
Fie. 4 
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and averaged six and one-half weeks. Figures 1 to 5 indicate the location 
and extent of the injury in some of these cases. 

Apparently, early grafting of skin following extensive deep burns mini- 
mizes contracture and deformity. Some patients will need no additional 
procedures, but others will require plastic correction of contractures that 
have resulted in spite of early grafting. For such patients the early closure 
of burn wounds by the application of grafts of intermediate thickness probably 
will permit earlier plastic repair. 


Area requirin 
graft. 


43: Burned when bed caught on fire. 
Hospit stay 8weeks. 


Fic. § 


SUMMARY 
A period somewhere between the second and third weeks after an 
extensive deep thermal burn is likely to prove the optimum time for excision 
of nonviable burned tissues and the immediate application of skin grafts 
of intermediate thickness. The dissection is difficult and small amounts of 
viable tissues may be removed inadvertently. On the other hand, morbidity 
is reduced considerably, and recovery apparently is earlier. 
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THE INFLUENCE OF LOCAL TREATMENT OF BURNS 
ON LIVER FUNCTION 


H. M.D., J. Waker, Jr., M.D., J. E. Ruoaps, M.D., 
AND W. E. Lest, M.D. 


WITH THE TECHNICAL ASSISTANCE OF MARGARET VANDERAU AND KATHERINE CROWLEY 


PHILADELPHIA, Pa. 


THE RELATION OF LOCAL TREATMENT Of burns to hepatic damage has 
been approached in the past either by animal experiments’ * * or by a study 
of the pathologic changes found in fatal cases at autopsy.* 

The present study has been concerned primarily with the functional 
changes in the liver. Most of the patients studied survived. It is important 
not only to determine the effect on liver function of tannic acid but also 
of other tanning agents. Two other questions are of considerable interest : 
First, is the hepatic damage following the use of tannic acid locaily a cause 
of increased mortality? Second, is the hepatic damage following burns 
entirely due to therapeutic agents used in the local treatment of the burned 
areas ? 

Plan of Study.—Burned patients admitted to the Pennsylvania Hospital 
on the service of Dr. W. E. Lee had been the subject of intensive study for 
several years,®»® and preliminary observations on liver function tests were 
reported in 1940.” From September 1, 1941, to December 31, 1942, a study 
on the use of adrenal cortical extract in burn therapy’ was carried out under 
an Office of Scientific Research and Development contract. The clinical 
material was made available by seven Philadelphia hospitals. This work 
was done entirely on patients whose burns were treated locally either with 
tannic acid or one of the other tanning agents. From January I, 1943, 
until June 30, 1944, a study directed primarily at liver function was carried 
out under an Office of Scientific Research and Development contract on a 
group of patients admitted to 11 hospitals in the Philadelphia area, and most 
of these patients were treated locally with petrolatum gauze and pressure 
dressings. 

The four liver function studies used in this work were not done on many 
of the earlier patients but van den Bergh determinations were followed in 
most of them, and the group studied in 1943-1944 provided a good opportunity 
to compare the results of the four liver function tests on a large number 
of patients. It was found that the results of different tests in a given patient 
were often at variance, but that a combination of the ‘van den Bergh test, 
the bromsulphalein retention, the hippuric acid conjugation test and the 
cephalin flocculation test gave an index that was fairly well correlated with 
the results of the van den Bergh test (Chart 1). | 

Methods.—Blood specimens were collected in Sanford-Magath hematocrit 
tubes with small amounts of powdered heparin or sodium oxalate. The tubes 
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irgery Volume 121 LIVER FUNCTION IN BURNS 
945 Number 3 
TABLE | 
LIVER FUNCTION TESTS IN PATIENTS TREATED WITH TANNING METHODS 
Q% Area vanden % Bromsul- Hippuric 
Patient Age Burned Local Treatment £urvival Pergh rhalein Acid 
CA. 9 65 Tannic acid Died 1.0 
5th day 
T.A. 5 25 Tannic acid Ves 0.7 24 L.2¢ 
ss 50 40 Gentian violet Died 4.8 
Silver nitrate 4th day 
E. S. 14 18 Tannic acid Yes 0.5 
M. H. 12 20 Tannic acid Yes 0.7 
P. M. 56 15 Gentian violet Yes 0.7 
Silver nitrate 
E.R 40 15 Gentian viglet Yes 1.8 
Silver nitrate 
mR ¥. 6 15 Tannic acid Yes 4:2 
50 40 Sulfathiazole Yes 0.5 
ointment 
E. F. 3 35 Gentian violet Yes 8 
Silver nitrate 
O. B. 17 40 Tannic acid Died 16.8 
Gentian violet 5th day 
Silver nitrate 
B. A. 35 15 Gentian violet Yes 0.9 3.98 
Silver nitrate 
R.B 42 20 Petrolatum Yes 0.6 
i R. B. 15 Triple dye Yes 5.4 
R. M. B. 4 25 Pickrell’s solution Yes 0.1 trace 
Cc. B 33 25 Tannic acid Yes Pe 33 3.17 
Silver nitrate 
Rg; Cc. 37 70 Tannic acid Died 1.2 4 4.00 
Silver nitrate 
3. P. 44 15 Gentian violet Yes 1.2 17 2.09 
re A 23 20 Gentian violet Yes 2.0 17 1.47 
W. M. 20 Gentian violet Yes 0.4 10 2.46 
Silver nitrate 
LB. 66 50 Gentian violet Died 2.9 * 10 
Silver nitrate 40th day 
M. K. 19 90 Tannic acid Died 13.0 
Silver nitrate 3rd day 
G. S. 4 15 Gentian violet Yes 0.3 
Silver nitrate 
3G. 23 22 Gentian violet Yes 0.8 4 2.04 
Silver nitrate 
H. G. 63 15 Petrolatum Yes 0.7 
Sulfathiazole 
A. W. 38 20 Triple dye Yes 1.2 
H. Me. 27 16 Tannic acid Yes 1.4 
Gentian violet 
FP. G. 55 45 Triple dye Died 73 
8th day 
L. M. 13 20 Tannic acid Died 11.0 
6th day 
40 40 Tannic acid Died 1.0 
20th day 
| 8 15 Gentian violet Yes 0.3 
Silver nitrate 
ot a 39 90 Triple dye Died 4.9 
. 19th hour 
I. M. W. 1 35 Gentian violet Yes 1.0 
Silver nitrate 
L. W. 22 22 Gentian violet Yes 1:3 2.99 
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were centrifuged within an hour of taking the blood and the supernatant 
plasma drawn off. 

Serum bilirubin levels were determined by the indirect van den Bergh 
reaction,® ® using potassium permanganate solutions as the colorimetric 
standard. These determinations were run within ten hours of the taking 
of the blood, and in all cases the serum or plasma was removed from contact 
with the cells within one hour. 

TABLE II 


ARBITRARY VALUES USED IN GRADING THE SEVERITY OF LIVER DAMAGE ACCORDING TO THE VARIOUS TESTS 


Bromsulphalein Hippuric 
% Retention Cephalin Acid 
van den Bergh at 30 Minutes Flocculation Conjugation 
| eee Up to 0.5 mg. per 100 M1. Up to 2 0 1.0 Gm. or above 
(normal) 
Grade 2............:  0.5-1.0 mg. per 100 MI. 2-5 1 plus 1.0-0.85 Gm. 
(mild damage) 
Grade 3............: 1.02.0 mg. per 100 MI. 5-15 2 plus 0.85-0.75 Gm, 
(moderate damage) 
Above 2.0 mg. per 100 MI. Over 15 3or4 Lessthan 0.75 Gm. 


(marked damage) 

The ability of the liver to excrete bromsulphalein was measured.’ ! 
A standard dose of 5.0 mg. per kilogram of body weight was injected intra- 
venously. One-half hour later a specimen of blood was withdrawn from a 
vein other than that used for injection of the dye to avoid error due to adsorp- 
tion of bromsulphalein by the intima of the vessel. 

The ability of the liver to conjugate the benzoic acid with glycine was 
measured after the method of Quick.’*)1* Immediately after the patient had 
voided, 1.77 Gm. of sodium benzoate in 20 cc. of solution was injected 
intravenously over a five- to ten-minute period of time. One hour later the 
urinary output of the hour was collected. In occasional patients the oral 
route of administration was used, giving 6 Gm. of sodium benzoate orally in 
30 cc. of water and collecting the urine for the succeeding four hours. 

The cephalin flocculation of serum was determined, as outlined by 
Hanger.** 1 

Carboxyl nitrogen, representing the amino-nitrogen of the alpha amino- 
acids, was determined on plasma, following the method of MacFadyen."® 

Plasma proteins were measured by the falling-drop determination of 
specific gravity, as described by Barbour and Hamilton.7 Some protein 
concentrations and the albumin-globulin ratios were determined by the biuret 
method.?®: 1° 

Results.—In the series of 38 patients studied prior to 1943, 34 were treated 
with tanning methods locally. Serum bilirubin levels were determined by 
the van den Bergh test in all these cases, and the results are presented in 
Table I, as well as a few determinations of liver function by other means. 
Owing to the fact that the tannic acid treatment had been replaced by other 
methods of treatment we have not had an opportunity to add to the tannic 
acid series since January I, 1943. The 24 cases treated in 1943, presented 
in Table III, and the 23 cases treated in 1944 (Table IV) have been treated 
with open methods. 
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The results of the tests of liver function on the 1943 series (Table IIT) 
were combined into an index of liver function by arbitrarily grading the 
maximum aberration from normal found by each test in a given case in 
accordance with the schedule in Table II. These grades or ratings were then 

TABLE IV 


RESULTS OF LIVER FUNCTION TESTS 
(1944 - Patients) 


% Area van den 
No. Patient Age Burned Local Treatment Survival Bergh 
1 G. S. 11 18 Saline Yes 0.2 
3 aie 6 15 Saline Yes 0.6 
4 A. H. 46 30 Petrolatum and pressure dressings Died 0.8 
11th day 
5 Ww. C. 38 25 Petrolatum and pressure dressings Yes 33 
6 I. M. 38 18 Petrolatum and pressure dressings Yes 0.3 
7 2 42 55 Petrolatum and pressure dressings Died 4.0 
62nd day 
8 D. D. 50 15 Petrolatum and pressure dressings Yes 0.1 
10 E. E. 6 30 Petrolatum and pressure dressings Yes 1.0 
11 M B. 50 35 Petrolatum and pressure dressings Yes 0.3 
12 D. G. 27 35 Petrolatum and pressure dressings Yes +2 
19 44 45 Triple dye Died | 
4th day 
21 M. C 28 30 Petrolatum and pressure dressings Died 0.3 
4th day 
25 M. V. 50 30 Petrolatum and pressure dressings Yes 0.3 
26 Te OB 22 18 Open Yes 0.8 
27 5.8. 4 18 Petrolatum and pressure dressings Yes 0.2 
28 R. P. 60 15 Petrolatum and pressure dressings Yes 0.3 
33 J. N. 58 20 Petrolatum and pressure dressings Yes 1.0 
34 E. W. A2 20 Petrolatum and pressure dressings Yes 0.7 
36 3. G. 60 60 Petrolatum and pressure dressings Died 0.7 
1st day 
37 EB. Hi. 58 75 Petrolatum and pressure dressings Died 0.3 
Ist day 
38 D. Q. 43 40 Petrolatum and pressure dressings Died 0.3 
2nd day 
44 A. S. 72 35 Petrolatum and pressure dressings Died 2.5 
5th day 
47 zk. 15 18 Petrolatum and pressure dressings Yes ia 
48 E. R. 36 15 Petrolatum and pressure dressings Yes 0.3 
TABLE V 


MAXIMUM PLASMA BILIRUBIN CONCENTRATION OBSERVED IN PATIENTS WITH BURNS 
AFTER VARIOUS METHODS OF TREATMENT 
Average 0.0-0.5 mg. 0.5-2.0 mg. Over 2.0 mg. Mor- 
Total Area _ per 100 MI. per 100 MI. per 100 MI. tality 


Method Cases Burned No. % No. % No. % % 
Tannic acid (either alone or combined) 14 33 1 7 9 64 4 29 21.4 
All other tanning methods.......... 20 28 5 25 12 60 3 15 20.0 
Vaselined gauze, with or without pres- 
47 31 22 47 20 5 33.7 


averaged for each patient and the average called the composite index of 
liver function. Chart I shows the close correlation between the rating for 
the van den Bergh and the composite index. For this reason we believe 
the experience prior to 1943 with tanning methods can fairly be compared 
with later experience using open methods of treatment on the basis of 
serum bilirubin levels alone. 

Table V shows an analysis of the van den Bergh tests obtained in the 
cases treated with tanning methods and open methods listed in Tables I, 
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III and IV. In each case the highest bilirubin level is recorded. We 
eliminated all burns from the series which covered less than 15 per cent of 
the body surface with the exception of two tannic acid cases in order to give 
a comparable series of cases. Thus the average area for the cases treated 
with tannic acid is 33 per cent, for the cases treated with other tanning 
methods 28 per cent, and for the cases treated with open methods 31 per cent. 

The incidence of serum bilirubin levels above 2.0 mg. per 100.0 Ml. was 
decidedly higher in the patients treated with tanning methods than in those 
treated with open methods. The 14 cases treated with tannic acid had a 
still higher incidence of hyperbilirubinemia over 2.0 mg. per 100.0 MI. The 
influence of tannic acid in causing liver damage is even more clearly demon- 
strated by the following facts. Although the tannic acid group comprises only 
17 per cent of the total number of cases, yet all three patients having serum 
bilirubin levels over 10.0 mg. per 100.0 Ml. fall in this group, and four 
out of the six patients having levels above 4.0 mg. per 100.0 MI. fall in 
this group. 

The general mortality of the untanned group was 33.7 per cent, as com- 
pared with 20.7 per cent for those treated with one or more of the tanning 
methods. 

The variations between clinical burns make any attempt at comparison dif- 
ficult. We have been impressed with the fact that the damage incurred by 
a severely burned patient is widespread, and that liver damage is perhaps 
more apt to be a contributing than a determining cause of death. 

Other Liver Function Tests ——The carbohydrate tolerance tests were not 
employed in this series except in the small group previously reported,® in 
which dextrose tolerance was studied. Here, it was recognized that marked 
aberrations occurred but that interpretations were difficult. Not only the 
liver but also pancreas, adrenal and pituitary might have been involved. 

Three other tests were employed, the bilirubin clearance test as described 
by von Bergmann and Eilbott, and modified by Jankelson and Gargill,?° 
the carboxyl nitrogen and the albumin-globulin ratio. The first was carried 
out on a small group of patients, and while consonant with the other tests 
it did not give promise of being unusually sensitive. The determination 
of carboxyl nitrogen was suggested to us by C. N. H. Long, who had found 
it of value in experiments on rats. In patients, however, it proved relatively 
insensitive and was only significantly elevated in seven‘out of 52 cases in 
which it was employed. 

The albumin-globulin ratios tended to become reversed in the latter part 
of the recovery period, usually after two or three weeks. Furthermore, it 
seldom returned to normal until the local loss of protein-containing material 
from the surface of the wound ceased. It, therefore, seems proper to regard 
the albumin-globulin ratio as an index of the patient’s nutritional status 
rather than as purely an index of liver function. It may be affected by 
hepatic damage also, but it did not follow the trend of the other liver function 
tests in the burned patient. 

Discussion.—The selection of liver function tests is difficult since the 
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liver plays an important réle in so many metabolic processes. In addition, 
the liver has a large reserve and rapid powers of regeneration, so that 
much liver damage may occur before any of the function tests are affected. 
We have used the van den Bergh, the bromsulphalein retention, the hippuric 
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2 
acid excretion and flocculation of cephalin-cholesterol emulsions in this 
series of patients. 

Tannic acid was so well established in burn therapy that it, or one of 
the other tanning methods, had largely displaced other methods of local 
therapy in this country and to a considerable extent abroad. Emphasis 
on its hepatotoxic properties, by Wells, and his coworkers,»2 came at a 
time when the visceral changes following burns were becoming of increasing 
importance, probably as the result of improvements in the treatment of 
shock, The difficulty of applying Well’s observations in animals directly 
to human burns lies partly in the difference between injection and surface 
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absorption. The experimental animals, with the exception of fowl, do not 
blister, so that their burns are not comparable to human burns, and 
even the denudation experiments of Baker and Handler®! on rabbits’ 
ears are not strictly comparable. 

However, taken in conjunction with the autopsy data, reported by 
Erb, Farmer and Morgan,‘ there can be little doubt that the tannic acid 
used in burn therapy is absorbed sufficiently to increase the hepatic damage. 
The data on liver function, which has been obtained in the Philadelphia 
cases reported above, is additional evidence in the same direction. Tannic 
acid is much the most hepatotoxic agent, but the other tanning methods 
are followed by much more disturbance than the nontanning methods. This 
is in close agreement with the toxicologic study of Hartman and Romence.* 

The mildness of the changes in hepatic function seen in most of the 
cases treated locally. by Koch’s method is very gratifying, and while the 
changes are still definite it would seem that the predominance of hepatic 
damage in burn toxemia, as described by Wilson, McGregor and Stewart,”* 
and Pack,** has been largely due to tanning agents. At present we believe 
some degree of hepatic damage is the rule in the toxemia of burns, but it 
is usually a minor part of the picture. 

The question of whether tannic acid actually caused the deaths of 
burned patients cannot be answered completely. In this series no patients 
with burns of less than 40 per cent died after tannic acid therapy except 
one who was proven at autopsy to have an advanced septicemia. The case 
of O. B. is shown graphically in Chart 2. Death came at the culmination 
of a marked rise in the bilirubin level, and this could well have been a 
liver death. On the other hand, patients with other types of biliary disease 
often survive a much more marked rise in bilirubin. 

A significant aspect of our experience, however, has been the fact that 
since abandoning tannic acid, no patients have survived burns of over 40 
per cent of the body surface, and only two have survived burns of 35 per 
cent or over. It seems likely, therefore, that while tannic acid may increase 
liver damage when used in the local treatment of extensive burns, its use 
has not been attended by greater mortality. 

CONCLUSIONS 

Tannic acid impairs liver function following burns, 

Other tanning methods impair liver function also, but to a lesser extent. 

Impairment of liver function occurs also in patients treated with petro- 
latum gauze and pressure dressings, but it is usually mild. 

The abandonment of the use of tannic acid in the local treatment of 
burns has not resulted in a decrease in mortality, in the series of cases 
presented. It, therefore, seems unlikely that the increase in liver damage 
observed when tannic acid is used is of great significance in the mortality 
among burn patients. 

It would seem fair to.conclude, therefore, that hepatic damage is probably 
not the primary cause of death in burn toxemia. 
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STUDIES ON THE TOXEMIA SYNDROME AFTER BURNS 
ll. CENTRAL NERVOUS SYSTEM CHANGES AS A CAUSE OF DEATH 


J. WALKER, Jr., M.D., AND Henry SHENKIN, M.D. 
PHILADELPHIA, Pa. 


FROM THE PENNSYLVANIA HOSPITAL AND THE HARRISON DEPARTMENT OF SURGICAL RESEARCH, 
SCHOOLS OF MEDICINE, UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA. 
AND THE LABORATORY OF NEUROSURGICAL PATHOLOGY, HOSPITAL OF THE UNIVERSITY OF PENNSYLVANIA 


IN THE cCouRSE of a clinical study of burn toxemia in 1943 and 1944 six 
patients were observed to die of sudden respiratory arrest at a time when 
hepatic and renal manifestations of burn toxemia were subsiding. During 
the period of toxemia these patients showed varying degrees of dis- 
orientation and drowsiness leading into stupor. Occasional patients be- 
came maniacal or were subject to hallucinations, and all showed myoclonus 
and increased resistance to passive motion. Autopsy in every case sub- 
stantiated the impression that there were organic changes in the brain and 
especially in the cortex and hypothalamus. 

Since methods of treating burn shock have improved, a number of 
severely burned patients survive the first 48 hours only to succumb during 
the next few days to, what Wilson, and his collaborators! have termed 
“toxemia.” There is a greater or lesser degree of renal damage as evidenced 
by oliguria and azotemia, as well as some hepatic injury. 

In our experience there was associated with the evidences of visceral 
damage a definite degree of central nervous system involvement. The 
patients showed varying degrees of disorientation and drowsiness leading 
into stupor. All patients showed muscular twitching. The signs persisted 
for several days and then cleared along with the other signs of toxemia, 
if the patient recovered. In the fatal cases death was often sudden. Signs 
of renal and hepatic damage had begun to lessen and the patients had begun 
to improve clinically, only to suddenly stop breathing without prior warning. 
Some severely burned patients showed Cheyne-Stokes respirations or irregular 
periods of apnea prior to sudden failure. We believe these deaths were due 
to damage to the central nervous system, with failure of the medullary 
centers as a result of compression, edema and cellular lesions. 

The literature contains a few reports of central nervous system damage 
following severe burns. Kruse” reported the case of a 14-months-old child 
with extensive second degree burns who developed temporary blindness, 
hydrocephalus and mental deterioration. Globus and Bender* reported the 
case of an eight-year-old boy who developed signs of a degenerative 
encephalopathy secondary to extensive third degree burns. Another case 


* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and De- 
velopment and the Pennsylvania Hospital. We wish to express appreciation for the 
efforts of the following individual and hospital staffs in making clinical material available 
to us: The Coroner’s Office of the City of Philadelphia, Dr. Benjamin A. Guley; Dr. 
Charles E. Schwartz, the Northeastern Hospital of Philadelphia; Dr. S. Dana Weeder, 
the Germantown Hospital; Dr. George J. Schwartz and the Methodist Episcopal Hospital. 
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was reported by Roth,’ of an eight-year-old Italian girl who developed 
aphasia, athetosis and mental deterioration about one week after receiving 
a 30 per cent scald. The changes were persisting at the time of the report. 
Cobb and Lindeman’ reported a case of severe basal ganglion cell degeneration 
following one of the Cocoanut Grove disaster cases. They ascribed the changes 
to prolonged anoxia. Reihl’® reported cerebral edema in nine cases. Chris- 
tophe™ reported degenerative changes in the thalamus of come after cross 
transfusion experiments. 

There are very meager reports on the pathologic changes in the central 
nervous system in the literature. Wilson,® in reporting on a series of 
extensive scalds and burns, mentioned “toxic damage” in occasional cases 
but did not localize the lesions. Pack,’ in his review of the pathology of 


Fic. 2 Fic. 3 
Fic. 2.—E. N. Medulla. (x 700o-H and E stain) There is moderate edema as evidenced by the 
dilated pericellular and perivascular spaces. The ganglion cells are swollen, nuciei are eccentric, and 
some are undergoing lysis. 
Fic. 3.—E. N. Hypothalamus. (x 700-H and E’stain) This is the most severely damaged portion 
of the brain. The edema is marked. Ganglion cells are markedly altered, nuclei are displaced, 
shrunken and often pyknotic. 


burns, quoted Crile as saying that central nervous system damage was 
seen only as the result of profound shock. Bancroft,’ in a review article, 
stated that changes in the central nervous system were not noted and 
Mallory and Brickley® reported cortical ganglion cell degeneration in one 
of the Cocoanut Grove cases. 

In 1943 and 1944 six of the severe burns seen by us in the city of 
Philadelphia died showing signs of central nervous system damage, and 
organic changes were found in the brain at postmortem examination. 


CASE REPORTS 
Case 1.—E. C., a ten-year-old white boy, was admitted half an hour after 
receiving a 45 per cent third degree flame burn of the upper part of the body. He 
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was conscious, rational, and his hands and feet were just beginning to get cold. 
His pulse ranged between 120 and 140 (Fig. 1). Administration of plasma was 
started promptly, the burned areas were superficially débrided and pressure dressings 
of vaselined gauze applied. About three hours after being burned the child became 
irrational and shortly thereafter lapsed into coma from which he never aroused. 
Blood pressure, measured by a leg cuff, was 90/40 at this time, and the administration 
of plasma was continued. The hematocrit reading did not rise above 50 per cent. 
About seven hours after the burn the patient’s blood pressure was 100/50 and the 
pulse ranged around 130. The hematocrit reading was 40 per cent, and the following 
morning, 17 hours after the burn, was 33 per cent. Urinary output was greatly 
reduced for two days and then began to improve. He had a number of attacks of 
generalized myoclonus and exhibited spasticity. On the fourth day the patient's 
general condition seemed much better, except for the fact that he remained deeply 
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comatose. His temperature,” which had ranged above 103° F. rectally during the 
first 24 hours, was normal, as was his pulse, blood pressure and respiratory rate. 
On the morning of the fifth day his respirations suddenly ceased, and although the 
heart action continued for a few minutes longer, attempts at resuscitation were un- 
successful. A postmortem examination revealed severe cerebral edema with depression 
of the cerebellar tonsils and widespread toxic changes of ganglion cells of cortex, basal 
ganglia and particularly the hypothalamus (Figs. 2 and 3). 

Case 2—C. C., a 44-year-old white male, received a 45 per cent flame burn. 
Burned areas were tanned with gentian violet and intravenous plasma was started. 
At no time was it possible to get blood pressure readings because of the extent of 
the burns. The patient was conscious on admission and remained so for the first few 
days. His pulse rose to 140 six hours after admission but later came down to 120 
(Fig. 4). His hematocrit reading was 65 per cent seven hours after being burned 
but dropped to 45 per cent ten hours aiter the burn and after the administration of 
plasma. In addition to parenteral fluids, the patient was given three liters of one-sixth 
molar sodium lactate orally during the second and third days. In spite of adequate 
fluid intake and electrolyte balance the urinary output dropped to a very low level. 
The patient remained markedly toxic and became confused and maniacal on _ the 
second day and stuporous on the third day. Respirations suddenly failed on the 
fourth day. The postmortem examination revealed extensive toxic nephrosis, and 
again cerebral edema and ganglion cell degeneration was widespread being most 
marked in the hypothalamus (Figs. 5 and 6). 

Case 3—V. Y., a 42-year-old Armenian housewife, received a 55 per cent flame 
burn. She was brought to the hospital 15 minutes after the accident and intravenous 
plasma was started promptly. The burned areas were dressed at once with vaselined 
gauze and pressure dressings after very superficial débridement. The patient was 
conscious and oriented on admission. It was impossible to take blood pressure readings 
because of the extent of the burns, but the progression of the stage of primary shock 
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can be followed in the temperature, pulse and respiratory rate as noted on Figure 7. 
The hematocrit reading was 47 per cent two hours after the burn occurred and never 
rose above 55 per cent. It was 33 per cent after 15 hours. Parenteral fluid and 
plasma were continued and, in addition, the patient was given three to five liters 


Fic. 5 Fic. 6 
Fic. 5.—C. C. Hypothalamus. (x 7o0-H and E stain) Edema has disrupted the tissues. Ganglion 
cells have been damaged, as evidenced by their loss of nuclei and homogeneity of staining 


characteristics. 
Fic. 6.—C. C. Cortex. (x 700-cresyl violet stain) Edema of tissues can be seen. Ganglion cells 


are swollen, nuclei are eccentric, Nissl substance disappearing. Some nuclei are pyknotic, others 
swollen and their identity almost lost. 
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of one-sixth molar sodium lactate orally for the first seven days, and the urinary output 
remained in excess of one liter a day. On the evening of the first day, about 12 hours 
after being burned, the patient became disoriented and was subject to hallucinations. 
Twenty hours after the burn she suffered an occlusion of the right deep femoral 
vein, with accompanying severe arteriospasm, which endangered the leg for a number 
of days. On two occasions during the next two days respirations ceased for three- 
and ten-minute periods, during which artificial respiration was necessary. After these 
short periods respirations again continued spontaneously. The patient’s general con- 
dition improved on the fourth day and her mental state returned to normal. She 
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required repeated blood and plasma transfusions with high protein feedings, and had two 
episodes of severe hemorrhage from extensive superficial ulceration of the rectum 
about the fortieth day. She died suddenly on the sixty-second day, with a massive 
pulmonary embolus. Postmortem examination showed that she had had_ several 
previous smaller pulmonary emboli which had given no clinical signs and a primary 
thrombosis of the left renal vein. Examination of the brain showed toxic ganglion 
cell changes affecting particularly the smaller cortical cells and the hypothalamus. 
There was, however, no evidence of recent brain damage, although this patient died 


Fic. 8.—V. Y. Hypothalamus. (x 700-H and E stain) There is 
little edema. The ganglion cells are swollen, however, nuclei displaced, 
and Nissl substance collected at the periphery of the cells. In several 
of the cells nuclei too are swollen and have lost their clear-cut staining 
characteristics. 


of pulmonary emboli and was undoubtedly suffering from anoxia some hours before 
death (Fig. 8). Cerebral edema and evidences of increased intracranial pressure 
were not marked. 

Case 4.—A. S., a 72-year-old white woman, previously in good health, received 
a 35 per cent flame burn of the head, arms and upper part of the body. She was brought 
to the hospital one hour after being burned and was conscious and rational at that 
time. The burned areas were dressed with boric acid ointment and intravenous plasma 
was started. Blood pressure readings could not be taken, but the pulse rate did not 
go above 140, and the hematocrit readings did not rise above 50 per cent (Fig. 9). 
In addition to parenteral fluids the patient was given 3 liters of one sixth molar 


306 


ery 
1945 


d two 
ectum 
ASSive 
sveral 
imary 
iglion 
amus, 

died 


131 TOXEMIA AFTER BURNS 


Num 


sodium lactate orally daily for the first two days. Urinary output remained at 
approximately one liter per 24 hours through her clinical course. This patient 
showed a rise in the van den Bergh test to 2.7 mg. per 100.0 ml. during the first two days. 
This began to fall, as did the plasma nonprotein nitrogen level. On the third day 
the patient became disoriented and semistuporous, and began to show occasional 
myoclonus. On the fifth day respirations suddenly ceased. The postmortem examina- 
tion showed fatty infiltration of the liver and a moderately severe toxic nephrosis. 
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Fic. 10.—A. S. Substantia Nigra. (x 180-H and E stain) This low power section demonstrates 
principally the extensive edema, which was present throughout the brain. 
Fic. 11.—A. S. Substantia Nigra. (x 700-H and E stain) Again demonstrating the severe 


edema and ganglion cell changes. 

The brain showed severe edema with pressure on the medulla by the cerebellar tonsils, 
and there was widespread ganglion cell disease, most marked in the hippocampus, 
hypothalamus and substantia nigra. Degenerative changes were noted in the walls 
of the smaller vessels (Figs. 10, 11, 12 and 13). 

Case 5.—D. Q., a 43-year-old white male, suffered a 40 per cent flame burn of the 
upper part of the body, head and arms. He was admitted to the hospital 30 minutes 
after being burned and was conscious and rational at that time. Intravenous plasma 
was started and the burned areas were dressed with vaselined gauze and pressure 
dressings. His blood pressure did not fall below 100/50, and his pulse ranged between 
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140 and 110 (Fig. 14). The hematocrit reading six hours after the burn was 65 
per cent but this was 45 per cent by the twelfth hour. Eighteen hours after being 
burned the patient passed into a state of confusion and mania. His urinary output 
was 800 cc. daily. On the third day he seemed somewhat improved and was conversing 
with the physician in charge when in the middle of a sentence he suddenly stopped 
breathing. Heart action continued irregularly for a few minutes longer but the patient 
could not be resuscitated. Postmortem examination showed only moderately severe 
renal damage, but in the brain there was found severe edema with a pressure cone 


Fic. 12 Fic. 13 


1G. 12.—A. S. Cerebellum. (x 700-H and E stain) This in detail shows the changes in the 


Fic. 
Purkinje cells. Vacuolization of the cytoplasm can clearly be seen. 
Fic. 13.—A. S. Hypothalamus. (x 700-H and E stain) Edema and ganglion cell changes are 


clearly shown. 
about the medulla. The edema was evident microscopically and there were many 
degenerative changes noted in the walls of the small vessels. There was widespread 
ganglion cell disease and again this was most marked in the hypothalamus (Fig. 15). 

Case 6.—M. C., a 28-year-old colored woman, sustained a 35 per cent flame burn 
of the body, and was brought to the hospital 20 minutes after the accident. Intravenous 
plasma was started and after superficial débridement the wounds were dressed with 
vaselined gauze and pressure dressings. The patient was conscious and did not exhibit 
a very marked degree of shock. Her blood pressure could not be taken because of 
arm burns, but her pulse dropped below 120 after eight hours. She exhibited fairly 
marked toxemia during the second and third days with a temperature of 101° to 105° F. 
(Fig. 16). However, her circulation was well maintained throughout this period. 
She was somewhat stuporous and exhibited occasional myoclonus on the third and 
fourth days. Respirations suddenly ceased on the fourth day. Postmortem examination 
revealed marked cerebral edema with herniation of the cerebellar tonsils and micro- 
scopic evidence of diffuse toxic ganglion cell damage, most marked in the hypothalamus 
(Fig. 17). 

For comparison with the sections from the burned patients a section from the 
hypothalamus of a relatively normal brain is shown (Fig. 18). 
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Discussion.—We have presented six cases of patients with severe burns 
who were apparently emerging from the stage of “toxemia” only to die 
suddenly in respiratory failure. All patients showed essentially the same signs 
clinically—disorientation and mania or stupor, with abrupt failure of respira- 
tions, without obstruction of the airway. Five of these patients died around 
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the fourth day after being burned. The sixth patient, with a very severe burn, 
showed evidence of respiratory embarrassment at this stage but survived to die 
later of a pulmonary embolus. This patient showed evidence of a lesser 
degree of toxic cell changes in the brain than other patients and there 
was little or no evidence of increased intracranial pressure or medullary 
compression. 

In all of the patients dying of sudden respiratory failure postmortem 
examination consistently showed severe cerebral edema with evidence of 


marked increased intracranial pressure, including widening of gyri, narrow- 


ing of sulci, herniation of the temporal uncus through the incisura of the 
tentorium and herniation of the cerebellar tonsils into the foramen magnum. 
Microscopically, edema was revealed by widespread dilatation of pericellular 


309 


jurgery 
1945 
65 
eing 
itput 
‘sing 
pped 
tient 
vere ; 
‘one 
the 
are 
ny 
ad 

). 
< 
1S 
th 
it 
of 
ly 
L 
d 
n 
j= 


WALKER AND SHENKIN Annals of Surgwry 


and perivascular spaces and even wide separation of the tissue itself by in- 
creased interstitial fluid. There were marked changes in the smaller vessels 
consisting of degenerative changes of the endothelial lining, with occasional 
breaks and perivascular petechial extravasations. 

The ganglion cells throughout the brain showed toxic degeneration, 
but the most striking changes were in the cortex and hypothalamus. Of 
the two, the latter was the more severely involved. The ganglions cells 
showed swelling and disappearance of the Nissl substance. The nuclei were 


Aw 


Fic. 15.—D. Q. Hypothalamus. (x 7o0-H and E stain) Edema is 
marked. Swelling of ganglion cells with loss of Nissl substance is 
demonstrated. Nuclei are eccentric, nucleoli are absent. Beginning 
disintegration of some cells can be seen. 


usually eccentric and occasionally absent. They were often swollen and 
were in all stages of disintegration. In some cells the entire nucleus had 
become pyknotic. The cytoplasm stained palely and occasionally contained 
vacuoles. Many shadow cells were present. Basal ganglia and brain stem 
nuclei showed relatively less involvement, though definite changes were 
generally present (Figs. 2, 9 and 10). These cellular changes varied in 
severity from case to case, being most severe in A. S., C. C., and E. N. 
The changes were least severe in V. Y., who died 62 days after her burn, 
of a pulmonary embolus. 
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The reason for these changes ‘are not known. One explanation might 
be temporary anoxia as the result of shock, but in certain cases the shock 
was minimal and the circulation was apparently adequate, without undue 
hemoconcentration. Nevertheless, evidences of cerebral involvement appeared 
later. Patient V. Y., dying of multiple pulmonary emboli, was somewhat 
anoxic for several hours before death, yet the brain showed no recent changes 
as compared with other cases. Some investigators have suggested that the 
visceral pathology seen in burns is due to hemoconcentration, with the forma- 
tion of small thrombi and small infarcts.’% '* We have examined the viscera 
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quite thoroughly in all these cases that died in the period of toxemia and 
have been unable to find evidence of such a thrombotic or embolic process, 
even on a microscopic scale. A third possible explanation is the circulation 
of some agent or toxin which damages tissue, increasing vascular permea- 
bility, and so allowing the formation of generalized edema, which is seen 
throughout all the organs of a patient dying in the phase of toxemia. Not 
only is there edema but also actual cellular destruction in the kidney tubules, 
hepatic radicles and the cortical cells of the adrenals, These changes have 
been described by us elsewhere.” 

We believe that brain damage and edema are important factors in the 
sudden deaths occurring during the toxemia phase of burns. Liver damage 
is not marked and evidence of renal damage is often subsiding when the patient 
suddenly dies in respiratory failure, without pulmonary pathology or preéxist- 
ing cyanosis, This is similar in many ways to the death following other 
more obvious types of brain injury. 


SUMMARY AND CONCLUSION 


The case histories of six patients having severe burns and clinical 
evidence of central nervous system damage are presented. Five of these 
patients died in sudden respiratory failure when the renal and _ hepatic 
damage associated with burn toxemia was decreasing in severity. The sixth 
patient had two episodes of apnea during the toxemic period but survived 
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Fic. 17.—M. C. Hypothalamus. (x 700-H and E stain) Edema 1s 
present. Ganglion cells have lost much of their cytoplasm and nuclear 
details are disappearing. 


Fic. 18 (A) Fic. 18 (B) 
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18 (A).—Normal Hypothalamus. (* 180-cresyl violet stain) There is no edema. Ganglion 
cells are not swollen, nuclei_are centrally located and have well marked_ nucleoli. 
Fic. 18(B).—Normal Hypothalamus. (x 700-cresyl violet stain) Same as (A). 
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to die 62 days later of a pulmonary embolus. The brain in this case showed 
evidence of damage of the same type but of lesser degree than was seen in 
the other five patients. 

Gross examination of the brains revealed evidence of increased intra- 
cranial pressure with herniation of the cerebellar tonsils through the foramen 
magnum compressing the medulla. 

Photomicrographs of these cases are appended showing severe inter- 
stitial edema and ganglion cell changes which were found to be most marked 
in the hypothalamus. 

It is suggested that the central nervous system changes are an important 
factor in the explanation of the sudden deaths occurring in the toxemic 
phase of burns. 
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THE PROBLEM OF THROMBOPHLEBITIS* 


D. Rees Jensen, M.D. 
New York, N. Y. 


Histor1caAt.y, thrombophlebitis is a relatively new disease, although it 
probably is as old as mankind. Paulus of Aegina, about 660 A.D., opened the 
saphenous vein, removed a thrombus and then ligated it. The use of the term 
phlebitis is more recent and seems to have been applied first by Breschet, in 
1818. John Hunter recognized the septic form which often followed venesec- 
tion. Henry Lee, in 1865, ligated the superficial veins for septic thrombo- 
phlebitis, with apparent cure. Gluck, in 1896, reported a postabortive phlebitis 
of the long saphenous vein cured by ligation of the common femoral. In recent 
years there has been a renewed interest in the subject and, as understanding 
has increased, treatment has improved. To adequately cope with the problem, 
however, further study is necessary. 


CLASSIFICATION AND ETIOLOGY 

(1) Phlebothrombosis: This term is frequently used interchangeably with, 
and applied to, the milder types of thrombophlebitis. It indicates a thrombus 
within the lumen, without inflammation of the vein wall. Except following 
trauma, there is evidence that this does not occur. If this is true, the term 
should be applied only to the process which takes place in veins in various types 
of injury, as incised, lacerated and abraded wounds. This would be logical, 
more accurate and less confusing. 

(2) Thrombophlebitis: This term is applied to all types of inflammation 
of the vein and may be mild to severe. Thrombus formation is a concomitant 
manifestation of the disease and is responsible for the complication of embolism, 
so often fatal. Curveilher, in 1834, expounded the view that inflammation of 
the vein wall was the precursor of the thrombus. Later he was contradicted 
by Virchow, who believed that the thrombus was the primary condition and 
inflammation secondary. His view prevailed for many years. The concept 
of Curveilher, however, is generally accepted today. 

In general, the disease presents three groups: 

(I) Mild or Aseptic: The localized type occurring spontaneously in vari- 
cose and normal veins. It may be well masked by the absence of clinical signs. 
The causes are unknown but at times it develops following strenuous activity, 
firm massage to the legs, and without any demonstrable reason. 

(II) Moderate: This group often complicates the various forms of sur- 
gical trauma, the puerperium, systemic infections, such as pneumonia and 
typhoid fever, and the xanthemata. It has been termed aseptic and toxic 
phlebitis. It has the characteristics of infection but cultures of the vein 
usually result in no bacterial growth. 

(III) Septic and Purulent Phlebitis: Bacteria are present in the vein wall 
and thrombus thereby accounting for the migration and metastases. Since the 


*Read before the New York Surgical Society, November 8, 1944. 
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advent of asepsis, early surgery and chemotherapy, this group is seen less 
frequently. Outstanding examples are purulent phlebitis of the lateral sigmoid 
sinus in middle ear disease, involvement of the cavernous sinus in carbuncles 
of the upper lip and nose, pyelophlebitis and infections of the extremities. 

Except at the extremes, there is no sharp line of demarcation between the 
first two groups and no exact information as to the etiology. Multifarious 
factors are responsible, as in any inflammatory process. Local resistance, 
generally and locally, no doubt plays an important rdle. The left leg is involved 
more often than the right, in proportion of 3:1. Females more often than 
males, in the same proportion. Selectivity of certain bacteria for the vein wall 
and contiguous lymphatics might be the most important factor. This phe- 
nomena manifests itself in other diseases and one may assume it might in 
phlebitis. Much work has been done to determine whether allergy plays a role.” 
It is difficult to understand how this could affect a structure such as vein wall 
and its lymphatics, without giving evidence of its effects elsewhere. This is 
a problem for further study. 


PATHOLOGY 

. The literature is replete with discussions on the formation of the various 
types of thrombi—friable red, or adherent white, or their combinations. But 
there is little about the changes in the vein wall. It is only by careful study by 
an interested pathologist that the slight changes in the milder forms can be 
discerned. The vein wall may show principally a fibrosis. A diffuse infiltration 
of chronic inflammatory cells throughout the wall is present, mainly around the 
vasa vasorum. These small vessels show evidence of inflammation in the form 
of swollen epithelium and slight necrosis of the wall in the larger ones. There 
may be a diffuse inflammatory exudate throughout. Thrombotic material 
within the lumen may be present. 

Why does a thrombus form? Tannenberg? states that leukocytic infiltration 
of a vein wall, or slight phlebitis, should not be regarded as very significant 
for the pathogenesis of thrombus. But when the inflammatory reaction is 
unable to bind its products, then a thrombus usually occurs. He concludes 
that it forms where there is morphologically recognizable necrosis or break- 
down of tissue which cannot be confined or neutralized. 

The pathologic physiology of thrombus formation is based upon the physiol- 
ogy of blood clotting. This complex process is as yet incompletely understood, 
and a discussion of it is not a part of this report. Suffice it to say that all 
factors are necessarily present when a thrombus forms within a vein. Slowing 
of the blood stream is thought to be a factor. This, I believe, is problematical. 
More likely slowing of the venous flow promotes propagation of the thrombus, 
rather than a causative factor. Although, in combination with other causes, 
it may be contributory. 

Edema of varied degrees is a manifestation of thrombophlebitis. In inflam- 
mation of the vein wall there is inflammation of the contiguous lymphatics, 
partially or completely blocking the main channels, thereby, influencing the 
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degree of swelling. Increased venous pressure, with resultant increase in 
capillary pressure, results in a tendency of fluid to accumulate in the tissue 
spaces. Anoxemia of the local tissues further accentuates the condition. It 
results in chronically enlarged legs, frequent ulceration, and_ confirmed 
invalidism. 


CLINICAL MANIFESTATIONS 

The clinical manifestations show wide variation, thereby, making the 
diagnosis of the degree and extent of the disease difficult. This is aptly 
illustrated in the cases cited herewith. 

In the mild types, the symptoms may be so slight as to pass unrecognized. 
The patient may complain of a vague ache in the legs upon standing or pro- 
longed activity. At times there may be slight swelling. There is no elevation 
of temperature or pulse, or other constitutional symptoms, except the patient’s 
desire to elevate the legs, the discomfort abating with rest. There may be a 
history of massage or a fall traumatizing them. Examination usually elicits 
tenderness in the calf region, or at some site along the superficial veins. Fre- 
quently tenderness is present on the plantar surface of the foot or the adductor 
group of muscles. These findings are consistent with muscle fatigue, but a 
localized, tender area in the calf region or a firm, slightly discolored spot in the 
superficial veins are adequate signs to make a diagnosis of thrombophlebitis. 
Further activity aggravates the symptoms. The patient may be suddenly seized 
with a chest pain, with some dyspnea and at times a cough and hemoptysis. 
The temperature and pulse rate becomes slightly elevated. A roentgenogram 
of the chest shows fluid in the costophrenic sulcus, with lung fields relatively 
clear. A diagnosis is made of pulmonary embolus complicating throm- 
bophlebitis. 

In the moderate group the symptoms and signs are more obvious. There 
is a history of some recent surgical intervention, or systemic infection, or the 
puerperium with convalescence progressing satisfactorily. The eighth to 
fourteenth day there may be mild pain in the calf region, plantar surface of 
the foot or midthigh.. Dorsiflexion of the foot frequently intensifies the calf 
pain, but may not alter it. There is some edema and the temperature and 
pulse moderately elevated. Sometimes a slight chill heralds the onset. 
Pulmonary embolus is a probable complication in this group. 

The more advanced cases present greater swelling, more pain, and the 
temperature and pulse further elevated. The leg may become markedly swollen, 
the skin white and mottled, and having a stretched appearance. The leg is 
warm, but the tissue temperature is lowered. There is exquisite tenderness 
over the entire extremity. 

The following three cases are reported because of the different history in 
each, and pulmonary embolus had occurred in two before the disease was 
definitely recognized. 


Case 1—New York Hosp. No. 310172: E. S., female, age 40. September 17, 1942: 
Chief complaint sudden pain in the right lower chest beginning two days ago, severe for 
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tue past nine hours. Some dyspnea, no cough or hemoptysis. A few small varicose 
veins present which had been injected. During the past. year she had also received 
vigorous massage to the legs. One month ago, following an injection in the right leg, 
there was increased heaviness and swelling. For several months there has been slight 
edema and a general ache in both legs after prolonged activity. 

Physical Examination.—Diminished breath sounds in the right lower chest and a 
few rales. Heart normal, B.P. 134/78, pulse 8o. Right leg: An irregular, tender cord 
palpable in the popliteal space extending downward to the midcalf. Small thromboses 
present at the site of injections. No change in color of the skin, temperature normal, no 
acute pain or dorsiflexion of the foot. 

Laboratory Data.—Roentgenograms of the chest “showed right diaphragm elevated 
with obliteration of the costophrenic sinus and slight mottling scattered at the extreme 
base.” Hb. 12.5 Gm.; red blood cells 4,450,000; white blood cells 9,100; polymorpho- 
nuclears 79%; lymphocytes 21%. Platelets high normal in four subsequent counts. 
Two days later the patient coughed up dark bloody sputum, repeated the second day 
following. There was tenderness along the saphenous vein, right leg and calf region. 
Fourth day, heparin advised. Fifth day, roentgenograms of legs, “highly suggestive 
venous stasis much more marked in the right, probably associated with thrombosis of deep 
veins.” There was slight edema of the legs. Ninth day, venogram right leg, “findings 
suggestive of thrombus of the femoral vein with probable involvement of one of the 
deeper branches of the popliteal vein.” 

Clinical Diagnosis: Pulmonary embolus, with a probability of others occurring 
with more serious consequences. It was, therefore, decided that ligation of the saphenous 
and femoral veins in the right leg was indicated. 

Operation.—September 30, 1942: Under avertin-local anesthesia, using 1% novocaine, 
a four-inch slightly oblique longitudinal incision was made high in the right thigh, 
extending from one inch above the flexion crease downward. The saphenous vein was 
isolated to its junction with the femoral, and, to palpation, was free of thrombus. The 
femoral sheath was incised, the artery retracted laterally and the vein isolated below 
the profunda branch and upward, to include two inches of the common femoral. To 
palpation, this was free of thrombus. Ligatures were placed around the vein below the 
profunda branch and not tied. The vein was incised longitudinally and free bleeding 
followed, which was controlled by pull on the ligatures. An aspiration catheter was 
placed within the lumen proximally and distally, without recovery of thrombotic material. 
The ligatures then were tied, reinforced, and the vein divided between. Elastic bandages 
were placed on the leg and the patient encouraged to exercise in bed. 

Seventh postoperative day: Slight edema around the ankle. She was kept in bed 
until the 2Ist day. 

Twenty-fifth postoperative day: No swelling of the leg. The patient discharged the 
38th day. 

November 15, 1942: Six weeks later: There was some swelling of the lower 
leg, and there was a localized area of thrombophlebitis below the knee. 

December 4, 1942: The patient had a sense of tightness in the popliteal space 
when ascending and descending stairs. Otherwise felt very well. Continued to be 
normally active and periodically continued to wear an elastic bandage. The circum- 
ference of the right calf 5.5 inches below the lower border of the patella measured 15 
inches and the left 13.75 inches. 

May 23, 1944: Twenty months after ligation: The patient was normally active, 
felt well, with no discomfort except some heaviness after long periods of standing and 
during the menstrual function. She had noticed no swelling of either leg. The color 
was normal and there was no further development of varicose veins. Six inches below the 
lower border of the patella the right leg measured 14.5 inches in circumference and the 
left, at the corresponding level, 13.75 inches. 
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degree of swelling. Increased venous pressure, with resultant increase in 
capillary pressure, results in a tendency of fluid to accumulate in the tissue 
spaces. Anoxemia of the local tissues further accentuates the condition. It 
results in chronically enlarged legs, frequent ulceration, and confirmed 


invalidism. 


CLINICAL MANIFESTATIONS 

The clinical manifestations show wide variation, thereby, making the 
diagnosis of the degree and extent of the disease difficult. This is aptly 
illustrated in the cases cited herewith. 

In the mild types, the symptoms may be so slight as to pass unrecognized. 
The patient may complain of a vague ache in the legs upon standing or pro- 
longed activity. At times there may be slight swelling. There is no elevation 
of temperature or pulse, or other constitutional symptoms, except the patient’s 
desire to elevate the legs, the discomfort abating with rest. There may be a 
history of massage or a fall traumatizing them. Examination usually elicits 
tenderness in the calf region, or at some site along the superficial veins. Fre- 
quently tenderness is present on the plantar surface of the foot or the adductor 
group of muscles. These findings are consistent with muscle fatigue, but a 
localized, tender area in the calf region or a firm, slightly discolored spot in the 
superficial veins are adequate signs to make a diagnosis of thrombophlebitis. 
Further activity aggravates the symptoms. The patient may be suddenly seized 
with a chest pain, with some dyspnea and at times a cough and hemoptysis. 
The temperature and pulse rate becomes slightly elevated. A roentgenogram 
of the chest shows fluid in the costophrenic sulcus, with lung fields relatively 
clear. A diagnosis is made of pulmonary embolus complicating throm- 
bophlebitis. 

In the moderate group the symptoms and signs are more obvious. There 
is a history of some recent surgical intervention, or systemic infection, or the 
puerperium with convalescence progressing satisfactorily. The eighth to 
fourteenth day there may be mild pain in the calf region, plantar surface of 
the foot or midthigh.. Dorsiflexion of the foot frequently intensifies the calf 
pain, but may not alter it. There is some edema and the temperature and 
pulse moderately elevated. Sometimes a slight chill heralds the onset. 
Pulmonary embolus is a probable complication in this group. 

The more advanced cases present greater swelling, more pain, and the 
temperature and pulse further elevated. The leg may become markedly swollen, 
the skin white and mottled, and having a stretched appearance. The leg is 
warm, but the tissue temperature is lowered. There is exquisite tenderness 
over the entire extremity. 

The following three cases are reported because of the different history in 
each, and pulmonary embolus had occurred in two before the disease was 
definitely recognized. 


Case 1.—New York Hosp. No. 310172: E. S., female, age 40. September 17, 1942: 
Chief complaint sudden pain in the right lower chest beginning two days ago, severe for 
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te past nine hours. Some dyspnea, no cough or hemoptysis. A few small varicose 
veins present which had been injected. During the past. year she had also received 
vigorous massage to the legs. One month ago, following an injection in the right leg, 
there was increased heaviness and swelling. For several months there has been slight 
edema and a general ache in both legs after prolonged activity. 

Physical Examination.—Diminished breath sounds in the right lower chest and a 
few rales. Heart normal, B.P. 134/78, pulse 8o. Right leg: An irregular, tender cord 
palpable in the popliteal space extending downward to the midcalf. Small thromboses 
present at the site of injections. No change in color of the skin, temperature normal, no 
acute pain or dorsiflexion of the foot. 

Laboratory Data.—Roentgenograms of the chest “showed right diaphragm elevated 
with obliteration of the costophrenic sinus and slight mottling scattered at the extreme 
base.” Hb. 12.5 Gm.; red blood cells 4,450,000; white blood cells 9,100; polymorpho- 
nuclears 79%; lymphocytes 21%. Platelets high normal in four subsequent counts. 
Two days later the patient coughed up dark bloody sputum, repeated the second day 
following. There was tenderness alung the saphenous vein, right leg and calf region. 
Fourth day, heparin advised. Fifth day, roentgenograms of legs, “highly suggestive 
venous stasis much more marked in the right, probably associated with thrombosis of deep 
veins.” There was slight edema of the legs. Ninth day, venogram right leg, “findings 
suggestive of thrombus of the femoral vein with probable involvement of one of the 
deeper branches of the popliteal vein.” 

Clinical Diagnosis: Pulmonary embolus, with a probability of others occurring 
with more serious consequences. It was, therefore, decided that ligation of the saphenous 
and femoral veins in the right leg was indicated. 

Operation.—September 30, 1942: Under avertin-local anesthesia, using 1% novocaine, 
a four-inch slightly oblique longitudinal incision was made high in the right thigh, 
extending from one inch above the flexion crease downward. The saphenous vein was 
isolated to its junction with the femoral, and, to palpation, was free of thrombus. The 
femoral sheath was incised, the artery retracted laterally and the vein isolated below 
the profunda branch and upward, to include two inches of the common femoral. To 
palpation, this was free of thrombus. Ligatures were placed around the vein below the 
profunda branch and not tied. The vein was incised longitudinally and free bleeding 
followed, which was controlled by pull on the ligatures. An aspiration catheter was 
placed within the lumen proximally and distally, without recovery of thrombotic material. 
The ligatures then were tied, reinforced, and the vein divided between. Elastic bandages 
were placed on the leg and the patient encouraged to exercise in bed. 

Seventh postoperative day: Slight edema around the ankle. She was kept in bed 
until the 21st day. 

Twenty-fifth postoperative day: No swelling of the leg. The patient discharged the 
38th day. 

November 15, 1042: Six weeks later: There was some swelling of the lower 
leg, and there was a localized area of thrombophlebitis below the knee. 

December 4, 1942: The patient had a sense of tightness in the popliteal space 
when ascending and descending stairs. Otherwise felt very well. Continued to be 
normally active and periodically continued to wear an elastic bandage The circum- 
ference of the right calf 5.5 inches below the lower border of the patella measured 15 
inches and the left 13.75 inches. 

May 23, 1944: Twenty months after ligation: The patient was normally active, 
felt well, with no discomfort except some heaviness after long periods of standing and 
during the menstrual function. She had noticed no swelling of either leg. The color 
was normal and there was no further development of varicose veins. Six inches below the 
lower border of the patella the right leg measured 14.5 inches in circumference and the 
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It is of interest that the femoral vein at the site of ligation, remote from the 
probable site of thrombus, showed no thrombotic material but did show evi- 
dence of inflammation of the vein wall. This patient fits the clinical description 
of phlebothrombosis ; pathologically, it is a thrombophlebitis (Fig. 1). Figure 2 


Fic. 1.—This section of femoral vein shows an outpouring of acute 
inflammatory cells about the vasa vasorum., There is enough infection in and 
about these vessels to make a diagnosis of thrombophlebitis. There is no 
distortion of the morphology of the walls of the vessels. 


Fic. z.—Saphenous vein cross-section shows focal areas of inflammation 

within the muscularis, as evidenced by interstromal outpouring of lymphocytes. 


This generally is seen about the vasa vasorum. Patient has spontaneous 
thrombophlebitis below the knee. (Section from the femoral junction). 


shows a section of the saphenous vein. This patient had a localized thrombo- 
phlebitis occurring spontaneously in the superficial system near the knee. 

Case 2.—New York Hosp. No. 253723: C. M., age 53. Six weeks prior to admission 
to this hospital, a D. and C. was performed elsewhere. Changes were found suggesting 
malignancy and 2400 hours of radium were administered. Otherwise the history 
irrelevant. 
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Examination: Normal findings. B. P. 110/78. 

Laboratory Data: Urine analysis—sp. gr. 1.015, albumin very faint trace; micro- 
scopic—few white blood cells. Blood count—W.B.C. 6,800 to 9,900, diff. polymorpho- 
nuclears 76%, lymphocytes 24%. Hb. 12.8 Gm.; R.B.C. 4,840,000. 

Operation—December 14, 1942: Under avertin-gas-oxygen anesthesia, a panhys- 
terectomy was performed through a suprapubic midline incision. On the left side of the 
cervix there was a slight necrosis with a small collection of mucopurulent material, 
which cultured Staphylococeus aureus hemolyticus. The appendix was removed. 

The postoperative course was uneventful, the patient out of bed the 8th post- 
operative day. On the 10th postoperative day, there was pain in the left calf region. 
Examination revealed tenderness in the area, but no edema, redness or increased heat. 
By the end of the day the left leg was tense and warm, and the superficial veins full. 
The leg was elevated and a cradle, with lights, placed over it. The patient was given 
sulfadiazine and sodium thiosulfate Within the next three days the pain subsided. 

She continued to improve until December 29, 1942, the 15th postoperative day, when 
there was sudden pain in the right lower anterior chest. No abnormal findings upon 
examination. By 7 p.m. the pain in the chest was more severe and made worse by 
respiration and movement. Pleural friction rub heard in the right axillary region. 
Respirations 20, pulse 98, rectal temperature 37.4 C. On the 16th postoperative day ; 
moderate retrosternal pain, patient somewhat cyanotic. Some edema of the left leg. 
Heparin advised. Diagnosis: Subsiding phlebitis left leg and pulmonary infarct. W.B.C. 
10,850, polymorphonuclears 87%, lymphocytes 13%. Platelet count normal on four 
subsequent counts. 

Nineteenth postoperative day: There is persistent chest pain on deep breathing, no 
pain in the calf region. Patient had been on continuous infusion of 2% heparin in 
normal saline for four days. Clotting time maintained at 20 minutes. (At times up to 
40 minutes). A roentgenogram “showed prominent hilar markings on the right. The 
right diaphragm is slightly elevated and there is obliteration of the right costophrenic 
sulcus.” 

“Impression: Findings compatible with the clinical evidences of infarct.” 

Twenty-second postoperative day: Eighth day of continuous heparin: No further 
signs in the chest nor pain in the leg. Heparin discontinued the t1oth day. 

Twenty-fifth postoperative day: Patient allowed to exercise in bed, and three 
days later allowed out of bed. At this time there was no complaint. 

Thirty-first postoperative day: Patient had another acute episode of pain in the 
right lower chest, which probably represents another infarct. 

Thirty-second postoperative day: At about 2 A.M., was awakened by another acute 
pain in the right chest associated with cyanosis and labored respirations. Pulse rate 
increased to 110. Examination revealed diminished breath sounds over right chest. 
Heart rapid, B.P. 106/66, no mediastinal shift. Legs appear normal except for slight 
fullness of the lower veins. Papaverine and aminophyllin and oxygen given. Heparin 
started. At this point, it was noted that there was a history of venous thromboses in 
the father, sister and brother. 

The patient continued very ill. On the 35th day, an E.K.G. showed “the tendency 
toward the low amplitude of the QRS complexes and the T waves throughout suggest 
myocardial damage. Their form is not unlike that seen following pulmonary infarction. 
Heart rate rapid.” The patient’s temperature and pulse remained elevated, breathing 
became more comfortable, but the rales and friction rub persisted. Heparin discontinued 
the roth day. Prothrombin 39%. 

Fiftieth postoperative day: There was a slight twinge of pain in the right lower chest, 
but the patient was sitting up in bed for meals, 

Fifty-second postoperative day: There was slight pain in the chest to the left of the 


319 


e 
yn 
2 
| 
Bray: 
|| 


D. REES JENSEN Anata Surgery 


sternum with some dypsnear and moderate cyanosis. This probably represents another 
iufarct. 

Fifty-third postoperative day: Tenderness present in the left calf with slight edema. 
It measures 2 cm. more than the right. Ligation of the femoral and saphenous veins 
advised. Venogram suggested, but was !ater countermanded. 

Operation—February 11, 1943: Under avertin-local-cyclopropane anesthesia, a 
four-inch slightly oblique incision was made in the left upper thigh, extending from two 
inches above the flexion crease downward. The lymph nodes were enlarged, but not 
acutely inflamed. The saphenous vein was isolated to its junction with the femoral. 
Grossly, there was no evidence of thrombus. The femoral sheath was incised, it was 
moderately adherent to the vein. The artery retracted laterally and the vein isolated 


Fic. 3.—Femoral vein: Section shows a somewhat fibrotic wall, sur- 

rounding which there is considerable or material apparently lodged 

in neighboring veins or possibly in the wall of the vein itself. There is a 

bit of thrombus which is definitely intraluminal in the main channel. Exam- 

ination of the vasa vasorun shows slight evidence of inflammation in the 

form of swollen epithelium and slight necrosis of the wall of some of the 

larger vessels. There is a diffuse but scanty inflammatory exudate through- 

out the wall of the vein. 
two inches below the profunda and upward to include the common femoral. The vein 
was soft, without evidence of thrombus. The superficial femoral was opened between two 
untied ligatures and free bleeding encountered. Aspiration was done without recovery 
of thrombotic material. The ligatures were then tied and the vein divided. The patient 
withstood the procedure well. An elastic bandage was applied and the patient encouraged 
to exercise in bed. 

Out of bed the seventh day. At this time there was no tenderness in the calf region, 
but slight edema persisted. She was active, rapidly improved, and was discharged 
February 27, 1943, 16 postoperative days after ligation. 

June 20, 1943: Four months later the left leg, 10 cm. below the lower border of the 
patella, was 37 cm. in circumference and the right 34 cm. There was no edema or 
tenderness. At the present time (September, 1944) the patient is normally active, 
but has some discomfort after undue activity or standing. There is no edema and the 
leg measurements are the same as they were one year ago (Figs. 3, 4 and 5). 


In view of the original pathology, it would have been logical to conclude 
that this patient had an iliofemoral thrombophlebitis, and because of this the 
venogram was countermanded. This case indicates that heparin evidently is of 
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little benefit in preventing emboli when the disease has developed. The sec- 
tions of the veins illustrate the point that the disease is present remote from 
the probable site of the thrombus. 


Case 3.—New York Hosp. No. 220149: L. B., female, age 27. Four years ago the 
patient was delivered of her first child. 
It was a normal delivery and un- 
eventful convalescence. Otherwise 
history irrelevant. 

On October 19, 1942, without a 
difficult or prolonged labor, the pa- 
tient was delivered of her second 
child. The convalescence was smooth 
and satisfactory. In the 1oth day she 
developed moderate pain in the left 
calf region and medial left thigh. 

Physical Examination revealed 
slight edema about the left ankle, 
with some tenderness in the calf region 
and, superficially, four inches below 
the fossa ovalis. Heparin suggested, 
also ligation of the saphenous and 
femoral veins. 

Operation—November 3, 1942: 
Under avertin-nitrous oxide anes- 

" Paes Fic. 4.—Saphenous vein is apparently less affected 
thesia, a four-inch incision was made than the ‘femoral. Its endothelium is vocuolated and 

swollen. There is considerable hemorrhage into the 


in the left upper thigh, extending wall. The vasa vasorum are very small and _ insig- 
from two inches above the flexion nificant. They contain rather numerous leukocytes in 


some instances. 

crease downward. The saphenous 

vein isolated, and was firm, indicating the presence of a thrombus. The femoral 
sheath was, incised and the vein freed below the profunda and upward to include 
the common femoral. All veins were filled with thrombus. Ligatures were placed 
around the common femoral and the vein incised longitudinally between them. A 
soft, friable thrombus presented. There was no bleeding. Using a glass catheter, 
thrombotic material was aspirated from the proximal segment. Because this was 
too short to recover all the thrombus, a No. 16 F. urethral catheter, with the tip 
cut away, was used. This was long enough to extend well up into the external 
iliac vein. Many pieces of friable thrombus were removed and as the final piece, 
about three inches long, came away there was sudden free bleeding. The ligatures 
were then tied and the vein divided between the ligatures. Section of the femoral vein 
was taken for study. The saphenous vein was not separately ligated. 

The patient withstood the procedure without untoward event. Tensor elastic 
bandage was applied. 

First postoperative day: Tenderness in the left leg had entirely disappeared, there 
was no increase in swelling and no elevation of temperature. The patient encouraged 
to exercise in bed. 

Fourth postoperative day : Some tenderness present in the left calf and slight swelling 
about the ankle. Sutures removed on the sixth day. The incision healed by primary union. 

Seventh postoperative day: Patient allowed out of bed. There was still some tender- 
ness and swelling persisting. Measurement, 18 cm. below the lower border of the patella, 
left leg 36.25 cm. in circumference and right 33 cm. Patient was discharged from the 
hospital the roth postoperative day. 

She continued to be normally active and wore the elastic bandage for several months, 
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Fic. 6.—Femoral vein: There is rather 


inflammatory cells scattered throughout its wall. 
nature, being found only around the vasa vasorum, as in previous sections, 


but is present as a diffuse chronic inflammatory reaction 


a diffuse infiltration of chronic 
This is not perivascular in 


Fic. 7.—Case 1: Infra-red photograph 
months after ligation of the superficial 
veins. Except for 


20 
femoral and saphenous 
prominent superficial veins, 


slightly more. 
there is practically no difference in the legs. 
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Eighteen months later there was no edema but the left leg was slightly larger than the 
right. There was some discoloration on each side of the foot. The small superficial 
veins were more obvious than those of the right leg. At times she complained of mild 
discomfort along the tibial crest after prolonged activity (Figs. 6, 7,8 and 9). 


The above cases illustrate the mild to moderate types of thrombophlebitis. 
In each there was a different clinical history and, except for slight variation in 
degree, the symptoms and signs were the same. In two the complication of 
pulmonary embolus had occurred before the presence of the disease was fully 
appreciated. The third illustrates the fact that the saphenous and femoral sys- 


Fic. 8.—Case 2: Showing the legs 18 months after operation. An 
average photograph does not show the superficial veins as does the 
infra-red on the right. There is little difference in the two legs. 


tems can be completely occluded by a thrombus, with few signs, little pain 
and practically no edema. Whether the disease would have advanced further 
with conservative measures is problematical. It is reasonable to assume that 
it would have. 
COMPLICATIONS AND SEQUELAE 

The most serious complication is embolus in the lungs. They may be small, 
resulting in localized areas of pneumonitis. Larger ones produce infarcts which 
may go on to abscess formation. The massive ones cause sudden death. When 
the portal system is involved, emboli cause infarction and suppuration in the 
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liver. In carbuncles of the upper lip and nose, the cavernous sinus may become 
the site of a thrombus and, in middle ear disease, the lateral sigmoid sinus is 


often affected. The mortality rate in this 
group is high. 

Chronically enlarged legs, with low- 
ered tissue resistance resulting in ulcera- 
tion are common sequelae. Inactivity 
frequently aggravates the swelling. Fre- 
quent recurrences of thrombophlebitis, 
with pain and increased edema, are char- 
acteristics of the disease. Prognosis for 
survival is good, but for complete re- 
covery, poor. Some patients appear to 
be relatively well for an indefinite period, 
then there is a recurrence, with disability. 


TREATMENT 


Prophylactic treatment is of the ut- 
most importance. Abnormal physiology 
should be corrected. Strict asepsis and 
careful manipulation of tissues during 
surgical trauma are important. Venous 
stasis should be counteracted by early 
motion. It may be that the anticoagulants 
will find their rightful place in the pro- 
phylaxis of the disease.® By study and 
experience, it is necessary, however, to 
assay heparin and dicumarol further. 

The entire therapy of thrombophlebitis 
is being reopened and reviewed. The ac- 
tive treatment has consisted of conserva- 
tive measures, which have occupied the 
center of the stage. Complications have 
not been lessened by these measures. 
Morbidity has been long and improve- 


Fic. 9.—Case Fe Two years after ligation 
of the common temoral. Except for slight 
thickening there is little difference in either 


leg. 


ment slow. Return to activity requires weeks to months, with enlarged legs, 


and chronic invalidism common residuals. 


In 1936, it was observed that localized thrombophlebitis, in superficial 
veins, rapidly abated when the large vein above the involved site was obliterated 
by injection. Pain and the signs of inflammation disappeared, local tenderness 
and edema more slowly. Ligation of the saphenous vein at the femoral junc- 
tion was then carried out in varicose and normal veins with completely satis- 
factory results. Healing of the disease progressed rapidly. Frequently the 
involved vein recanalized, with persistance of the varicosities. Multiple ligation 
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was then resorted to, with sometimes excision of the involved segment of vein, 


Fic. 10.—Venogram of the 
left leg. Patient age 26. Fol- 
lowing a pregnancy two years 
ago phlebitis developed in the 
left groin. Patient in bed 
nine weeks, with conservative 
measures. For many months 
wore supportive bandages. For 
the past year recurring at- 
tacks of phlebitis, locally at 
different sites along the leg, 
with redness and_ swelling. 
This shows complete fibrosis 
of the femoral and iliac veins. 
Surgery of no value. 


when there was minimum reaction of the surround- 
ing tissues. The results have been uniformly good. 
Eighty-six cases have been operated upon (25 during 
the past year), seven bilaterally, with excellent results 
in 84. One patient had a local recurrence about 
the knee two years later. This promptly subsided 
upon activity and wearing an elastic bandage. The 
second patient had immediate activation of the dis- 
ease, which subsided after six weeks. This patient 
had a history of recurring thrombophlebitis with 
numerous roentgenray treatments extending over 
several years. All patients were permitted active 
motion out of bed after 24 hours, and wore an 
elastic support until the edema subsided. Most 
discarded them automatically within two to four 
weeks. 

When the deep venous system is involved, it is 
even more important that ligation of the saphenous 
and femoral veins be carried out. The procedure 
minimizes complications and hastens recovery. Since 
1942, 18 cases have been operated upon. There 
have been no complications. Pain rapidly disappears, 
the edema subsiding more slowly. Elastic bandages 
are immediately applied and the patient encouraged 
to exercise in bed. As soon as the reaction about 
the incision has subsided, the 4th to 7th day, the 
patient is allowed active motion out-of bed. They 
continue to wear their elastic support until swelling 
has disappeared. The patient will automatically 
discard this after a few weeks. However, some 
slight swelling might persist for several months. In 
this group there have been no recurrences, no cron- 
ically enlarged legs and no ulcerations. 

In cases of long-standing thrombophlebitis, there 
follows an established edema of varying degrees. 
Wearing of an elastic support and active motion re- 
sults in some abatement of the swelling. Recurrences 
are common and the patient always is uncomfortable 
The patient with chronically en- 


when active. 


larged legs, with or without evidence of local activity of the disease, it is 
important to determine the patency of the venous system. This can be done by 
the venogram. If the veins have recanalized and an ulcer is present, ligation 


should be carried out. This relieves pain and promotes repair. 


If there is 


complete closure of the femoral system by fibrous tissue, operative intervention 
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will be of little value (Fig. 10). In established edema, ligation has proven 
of little benefit. 

Reports are appearing in the literature, attesting the value of ligation in 
thrombophlebitis. Allen, and his associates,* recently reported a series of 202 
cases with satisfactory results. Buxton, et al.,* report their results in ligation 
in long-standing deep phlebitis. Further efforts are being made by others. 
Additional experience is necessary to fully evaluate this type of therapy, but 
the results to date justify its more general adoption. 

Surgical intervention in the suppurative group is essential, because the 
results with conservative measures are uniformly poor. 

Heparin and dicumarol may prove to be important adjuncts in the active 


therapy of this disease. 


SUMMARY AND CONCLUSIONS 
(1) A review of the causes of thrombophlebitis and a simplified classifica- 


tion are presented. 

(2) An attempt has been made to clarify the pathology of the disease and 
the relationship of thrombus formation to it. 

(3) Clinical cases have been presented illustrating the vagaries of the 
disease, often well-masKed symptoms make it difficult to determine the activity 


and extent of the pathologic process. 

(4) Complications and sequelae are discussed. 

(5) The treatment of the disease by prompt ligation is advocated, with 
results in 104 cases attesting its therapeutic value. 

(6) Phlebography is indicated to determine the patency of the venous 
system in long-standing thrombophlebitis. 
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WHEAL-FLUORESCENCE 


A NEW METHOD OF EVALUATING PERIPHERAL VASCULAR DISEASES 
PRELIMINARY REPORT 


James Locke M.D.* anp Erwin R. Scumipt, M.D. 


Mapison, Wisconsin 


THE PURPOSE OF THIS PAPER is to introduce a new and simple test which 
promises to be an accurate means of revealing certain fundamental facts of 
diagnostic, prognostic, and therapeutic importance in cases of peripheral 
vascular disease. In the authors’ experience to date, this test appears to be 
the least time-consuming and most easily readable method of study now in 
use for similar purposes. Clinical correlation, comparison with other known 
methods, and a sound basis in logic attest to its reliability. The information 
obtained (1) reveals data regarding the extent and degree of vascular 
insufficiency ; (2) apparently indicates whether the predominant difficulty 
is organic or vasospastic; (3) helps determine the prognosis of the studied 
limbs; (4) aids in deciding the therapeutic approach best suited to the 
individual ; and (5) locates the lowest level of amputation (when necessary ) 
which can support prompt healing. 

The test consists of observing the presence or absence of fluorescence 
in surface scratches made fluorescent by injection of intravenous fluorescein 
followed by inspection under specially filtered ultraviolet light. Presentation 
of the important elements comprising the test follows: 


SURFACE FLUORESCENCE 


In 1931, Lange and Wollheim! demonstrated that the luminescent property 
of fluorescein could be observed in the body surfaces if, after intravenous 
injection of this substance, a proper light source was used. Technical diffi- 
culties precluded immediate general adoption of this discovery, but by 1942 
it had been worked out in a practical way and was presented with several 
recommended clinical applications.* This presentation opened a new field for 
clinical investigation, and since then Lange, and his coworkers,* * 5 ® 7 and 
others,® ® 11 have developed many effective ways of using the technic 
and have established its harmlessness. Credit is due these men for the 
discovery and development of a widely applicable clinical tool. 

One of the applications of the technic set forth by Lange and Boyd was 
its use as a test for peripheral vascular disease. When so employed, skin 
fluorescence was said to be delayed, less intense, or absent where reduced 
vascularity existed. On the basis of this report, the procedure was adopted 
at the Wisconsin General Hospital as a comparative method in a general 
study of the various tests for peripheral vascular disease. The results 
obtained were disappointing. Fluorescence regularly appeared wherever 


* Former Resident Instructor in Surgery, State of Wisconsin General Hospital, 
Madison, Wis. Now Lt. (j.g.) Medical Corps, U. S. Naval Reserve. 
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vascular flow of a degree sufficient to prevent complete infarction existed. 
The delay in appearance of fluorescence, which was said to occur in areas 
of reduced vascularity, was never observed with certainty, and the intensity 
was affected by so many extraneous factors that it could not be accurately 
evaluated. In areas of dermatitis or pigmentation, fluorescence was reduced, 
spotty, or absent; in areas of inflammation and/or infection, it was promptly 
and brilliantly apparent, regardless of obviously reduced circulation; and 
even where the skin was not visibly disturbed, local vasomotor effects or 
unknown factors caused a marked variation in intensity. Furthermore, 
foreign materials such as boric crystals, vaseline, and common antiseptics 
produced interfering fluorescence of their own and at ‘times could not be 
adequately removed in important areas. Lange freely admits many of these 
difficulties and states that careful judgment in reading the test is a primary 
requisite. In his hands, results have been better, but the care and experience 
necessary to properly interpret the test seem to us to hamper its effectiveness 
as a generaliv acceptable procedure. For these reasons, it was about to be 
discarded when the discovery was made that employment of skin fluorescence 
as a method of measuring the fundamental skin response to injury resulted 
in a simple, practical, and effective test. 


SKIN REACTION TO INJURY AND ITS SIGNIFICANCE 

It is a matter of fundamental knowledge that the skin responds to 
injury by the production of a reaction which has as its purpose the ultimate 
repair of the injury. The degree of reaction is dependent on the extent of 
trauma and the ability of the tissue to respond. 

Normally, the skin reacts to a simple scratch, pinprick, or the introduction 
of histamine with a triple response.'* The difference in reaction to these 
various agents is quantitative only. The first element is the “red” reaction 
which appears quickly at the exact point of injury. This reaction appears 
regardless of nerve supply or blood flow, and is due to a local active vaso- 
dilatation of the terminal arterioles, venules, and capillaries of the skin. The 
second element is the so-called “flare” which irregularly surrounds the point 
of injury as a pink halo. This phenomenon represents an axon reflex 
causing vasodilatation in the slightly larger well muscled group of arterioles 
in the skin, and depends for its occurrence on both an intact local nerve 
supply and relatively normal blood flow. In the absence of either or both 
of these factors it does not appear. The third element is the appearance 
of a “wheal.”’ This part of the reaction is due to an alteration in permeability 
of the vessel walls and never occurs unless adequate blood flow is present. 
It is independent of nerve supply. . 

Examining the evidence, it becomes apparent that the wheal is the only 
part of the tissue response which owes its existence to only one major 
factor; namely, blood flow. 

The histamine wheal test, clinically practical because of producing grossly 
visible wheals, is based on this reasoning. The appearance of wheals indi- 
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cates reasonable blood flow, and the time of appearance and size of the 
wheal gives a relative estimate as to the amount of that flow. In this 
hospital we have used the histamine wheal test for several years, and have 
preferred it to others as a practical and roughly reliable test for the extent 
and degree of vascular impairment. However, it is time-consuming, painful, 
potentially dangerous, and open to errors in reading and_ interpretation. 
Moreover, it represents a forced response of tissue to strong stimulation. 

If a method were known whereby the wheal reaction to a less forceful, 
smaller, and painless source of irritation, such as a_ scratch, could be 
definitely and simply demonstrated, the accuracy and reliability of the wheal 
test would be enhanced and the objections to it largely abolished. The intra- 
venous fluorescein ultraviolet fluorescence method of Lange has been dis- 
covered to be the answer to this problem. Quite by accident, during the 
routine fluorescence examination of a severely impaired leg, it was noted 
that minute areas of trauma made immediately before injection of the 
fluorescein appeared brilliantly fluorescent from thigh to upper calf, and 
were completely nonfluorescent below. The general skin fluorescence was 
present to the tips of the toes and absent only where actual gangrene was 


present. 


Careful investigation of the modus operandi of this phenomenon has shown 
that scratch fluorescence appears only when a wheal response occurs. The 
following facts have shown this to be true: 


1. Intravenous fluorescein is injected and allowed to circulate for two to three minutes. 
A tourniquet is then applied to the arm and the intravascular pressure is allowed to 
equalize. A scratch is then made below the tourniquet. The “red” reaction appears as 
usual in the scratch, but inspection under special light reveals no fluorescence. The 
tourniquet is then released and the fluorescence soon appears in the scratch marks. 
Therefore, the red reaction itself is not responsible for fluorescence. Furthermore, if 
it were responsible, all scratches should fluoresce regardless of vascularity since this 
element is independent of blood flow. 

2. Scratch fluorescence is not due to the “flares” since this element is irregular and 
spread out from the area of injury, whereas the fluorescence is limited to the scratch. 
Furthermore, obvious flares made by intradermal injection of histamine do not appear 
fluorescent. 

3. When a histamine wheal is made, followed by intravenous injection of fluorescein, 
the area of the wheal is seen to be brilliantly fluorescent.* 


The test, therefore, offers a simple way of determining the ability of tissue 
to produce minute, grossly invisible wheals to mild, painless surface scratches. 
Since wheal formation is entirely dependent on active vascular flow, the effect 
of the test is to measure the point distal to which vascular flow falls below 
a critical level. Absence of fluorescence reveals an incomplete repair response 
and consequently must indicate delayed ability to heal. This fact is further 


* This discovery was made by Nathanson!! and used by him for measuring circula- 
tion time in any part of the body. We have used this procedure as an improved method 
of reading the regular histamine wheal test for peripheral vascular disease. However, 
we discarded this in favor of the scratch method for reasons mentioned above. 
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the scratch marks under ordi- 
nary light, five to seven days 
after the test. At this time, it 
can be readily seen that the 
marks above the level of absent 
fluorescence are practically 
healed, whereas below this level 
they are still in the process of 
healing (Fig. 1). Other clinical 
data points to the veracity of 
this interpretation. 


EQUIPMENT 

Fluorescein, — Fluorescein 
(resorcinophthalein) is a read- 
ily available, inexpensive, non- 
toxic acid dye, first employed 
intravenously by Erlich’® in 
1822, and applied clinically since 
then in many fields." 1 1% 1% 
Though several forms of fluore- 
scein have been used for this 
purpose, our experience is lim- 
ited to the use of a 20 per cent 
solution of sodium fluorescein in 
distilled water, autoclaved in 
50 to 100 ce. colored dispensing 
bottles for 15 minutes, and given 
in 5 cc. doses. This solution is 
stable and easily made. When 
injected intravenously, it dif- 
fuses rapidly into the tissue 
fluids. Its intensity depends 
not only on dosage, but appar- 
ently also on the protein content 


Fic. 1.—(Photograph taken five days after test- 
ing.): Note the delay in healing of the scratches below 
the inked mark where scratch fluorescence disappeared. 
The last two marks above the line showed decreased 
fluorescence. 


of the body fluids—since it is brilliant in inflammatory exudates and poorly 
visualized in edema of stasic origin.* The dye is rapidly excreted by the kid- 
neys and secretory glands in unchanged form. Clinically, it produces an icteric 
tint to the skin for two to three days, colors the urine and body secretions for 
three to four days, and causes false positive urine sugar tests for four to 
five days. Fluorescein should probably not be given to cases with severe kid- 
ney damage associated with significant nitrogen retention. Fluids should 
be forced for two to three days after injection in all cases. No serious com- 


* Wheal fluid has approximately the same protein content as blood serum (Lewis). 
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plications have ever been reported from the intravenous use of fluorescein 
in spite of extensive experience in many clinics. The only complication we 
have seen is the occasional occurrence of slight nausea during injection. 

Filtered Ultraviolet Light—It has long been known that special short 
wave light reveals characteristic fluorescence in certain substances. Lange 
showed that light with a wave length of from 3600 to 3800 Angstrém units 
reveals the optimum luminescence of fluorescein. A source of ultraviolet may 
be made to transmit waves of this frequency by the addition of a purple 
filter (Corning glass No. 587-Lange) or the special filter designed for this 
purpose by Wood,’ and known by his name. We have used a Mazda AH4 
mercury vapor bulb set in a projector housing with a condensing focus lens,t 
as our source of light. The small purple glass filter is clipped inside the housing 
at the point of light passage into the condensing lens. The housing is mounted 
on a triangle stand with screw clamps to allow movability. A General 
Electric autotransformer is incorporated on the base of the stand to step up 
the voltage sufficiently to allow the bulb to function. The light so obtained 
is very efféctive in revealing surface fluorescence. Though various other, 
and some less expensive units have been suggested by others, we have had no 
experience with them, and feel that it is important to have a standard and 
adequate source of this special light for good results. Many additional 
clinical uses for this type of light have been described, and it is particularly 
valuable in the fields of ophthalmology”® and dermatology.”! 


TECHNIC 


The patient is wheeled into a room which can be darkened. The legs 
are exposed from low thigh to the toes. The inner or outer aspect of the 
entire leg and foot on both sides is prepared by washing with alcohol. A 
series of superficial scratches are made at two-inch intervals down the legs 
in comparable places. The lowest scratch mark can be made at the base of 
the toes on the dorsum of the foot. It is rarely important to go farther than 
this, since such detail of information is not necessary. The scratches are made 
by repeatedly (five to ten times) stroking the skin in the same spot with 
an hypodermic needle. They do not have to be deep, and do not have to draw 
blood. A little experience with the method quickly reveals how to make these 
marks evenly. They can be placed to avoid obvious areas of dermatitis 
and inflammation. As soon as the marks are completed, five cubic centimeters 
of 20 per cent sodium fluorescein solution is injected intravenously at a 
normal rate. The room is darkened, and, without delay, the filtered ultra- 
violet light is played upon the scratched area. The test can be read within 
one to two minutes, which is just about the time necessary to darken the 
room and allow ultraviolet light to reach its peak intensity. The test does 
not change appreciably after this period and remains readable for over an hour. 


+ Made by the Central Scientific Company of Chicago. 
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The major fact to observe is the level at which the marks cease to be 
fluorescent. If present, this change is always abrupt and easily seen. Some 
patients show another type of level, marked by a definite decrease in 
intensity of scratch fluorescence. This should also be noted and may occur 
alone or in combination with a lower level where fluorescence disappears. 
General luminescence of the skin of varying intensity can be seen in the 
background but never interferes with reading the scratch test, since the 
latter areas are much more intense and localized. 

Discuss1on.—While experience with the method is not large enough for 
conclusive statements, correlation to clinical examination, other known tests, 
and end-results point to the fact that scratch fluorescence gives reliable factual 
data regarding the degree and extent of vascular impairment. Further 
correlations are underway and a later paper is planned to more carefully 
evaluate this data. 

Before presenting the conclusions which can be drawn from the test, 
it must be carefully emphasized that the information obtained by this technic 
concerns only the vascular situation. While the importance of this data is 
not to be underrated, it should never be used as a sole criterion for treatment, 
for it answers only one of the many questions of equal importance to be 
considered in this decision. Some of these other factors are:.The age of 
the patient, his general health, his mental condition, his neuromuscular 
ability, his desire for or against amputation, his economic situation, his 
occupation, the presence or absence and degree of gangrene, the presence 
or absence of infection and/or osteomyelitis, the degree of sepsis, and the 
type of vascular disease presented. There is no test good enough to obviate 
the necessity for careful clinical judgment and individualization of cases. 
With this well in mind, the following conclusions can be drawn regarding 
the significance of the test. They should be used as clinical aids, and not 
solutions of the problems presented. 

1. When scratch fluorescence is present to a certain level, and absent 
distal to that point, severe organic vascular impairment exists below the last 
fluorescent mark sufficient to seriously affect the ability of the tissue to repair 
itself. Though local and general treatment without leg amputation may be 
attended by healing, the result is likely to be only temporary, and requires 
prolonged hospitalization. (See Case 1.) 

2. When scratch fluorescence is equally and brilliantly present in all 
marks, significant organic vascular disease does not exist in the tested areas. 
Vasospastic disease apparently does not affect the test, and may be pre- 
dominantly responsible for symptoms in these cases. (See Case 2.) If 
gangrene is present distal to the last fluorescent mark at the base of the toes, 
the process is shown to be largely a local one. Local and general treatment 
with removal of necrotic areas are apt to be followed by healing and return 


to good function. (See Case 3.) 
3. When scratch fluorescence is present throughout, but of definitely 
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decreased intensity below a certain point, a graded degree of vascular disease 
exists. Immediate prognosis under local and general treatment is good, but 
ultimate prognosis is guarded. (See Case 4.) 

4. Amputation in areas of absent scratch fluorescence is likely to be fol- 
lowed by poor or absent healing requiring re-amputation at a higher level. 
(See Case 5.) Amputation in areas of decreased fluorescence is hazardous. 


(See Case 6.) 
CASE SUMMARIES 


Case 1.—H. E., a 66-year-old male, entered the Wisconsin General Hospital with 
infected gangrene of the left great toe, lymphangitis, and abscess formation in the lateral 
midcalf area. Pulsations on the affected side were absent in the popliteal, posterior 
tibial, and dorsalis pedis arteries. On the right, pulsations were absent in the posterior 
tibial and dorsalis pedis arteries. Scratch fluorescence was absent below the tibial 
tubercle of the affected leg, and present in all marks on the good leg, though of decreased 
intensity below the tarsometatarsal joint area. The impression was that of severe organic 
arterial insufficiency below the tibial tubercle on the left and significant but not critical 
impairment in the right foot. In view of a careful study of all other factors bearing 
upon the case, amputation was advised at the low thigh level. This was refused by 
the patient. Conservative treatment, including drainage of the abscess, was instituted. 
The infection began to clear and improvement was noted. The scratch fluorescence test 
was repeated one week later and showed no change. Amputation was again advised 
and refused. Continuation of therapy and surgical removal of the gangrenous toe 
were carried out. Four weeks later, the leg appeared to have greatly improved. The 
infection had cleared, and the pain was gone. However, the surgical wound remained 
unhealed. The scratch fluorescence test was again repeated and showed improvement 
in circulation since scratch fluorescence was now present to the supramalleolar level. 
However, it was of definitely decreased intensity between the tibial tubercle and 
the malleoli, and absent below this point. Conservative treatment is being carried on 
and we believe that eventual healing will occur under optimum conditions. However, due 
to the extent and degree of the disease, we expect this healing to be temporary and 
feel that the patient will return shortly after resuming normal activity because of 
persistent and progressive difficulties. The case illustrates the delayed healing which 
was indicated by the scratch fluorescence test and also demonstrates the value of the 
test as a method of detecting improvement under treatment. 

Case 2.—E. Z., a 65-year-old diabetic woman, entered the Wisconsin General Hos- 
pital because of pain, coldness, numbness, and impaired function of the left leg. Examina- 
tion revealed both legs to be cool and slightly moist. No gangrene was present, and 
pulsations were palpable in all arteries. Scratch fluorescence was promptly, equally, 
and brilliantly present in both legs from the thigh to the ends of the metatarsals. Pre- 
dominant vasospastic disease was diagnosed, and treatment with heat, massage, and 
mecholyl resulted in relief of symptoms and return to function. From this case and 
others like it, it appears that scratch fluorescence is not affected by vasospastic disease. 


Case 3.—H. D., a 57-year-old diabetic male, entered the Wisconsin General Hos- 
pital because the local area where several gangrenous toes had previously been removed 
by chemosurgery2? had failed to heal. The pulsations in the arteries of this leg were 
absent in the popliteal, posterior tibial, and dorsalis pedis arteries. In the opposite leg. 
the posterior tibial and dorsalis pedis pulsations were absent. There was an indolent 
ulcer at the site of previous chemosurgical treatment. Roentgenograms revealed osteo- 
myelitis in the ends of the two metatarsal bones underlying the ulcer. The question 
was raised as to the proper course of therapy, and amputation of the leg was recom- 
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mended. A scratch fluorescence test was done and fluorescence was present to within 
one inch of the ulcer. It was present and of good intensity throughout the opposite 
leg, but was decreased in intensity in the lower one-half of the foot. Local removal 
at a slightly higher level was consequently suggested and performed including the 
infected bone. Healing has progressed rapidly and the patient is nearing the time for 
his discharge. In this case, leg amputation was prevented because the reason for poor 
healing was shown to be predominantly local. 


Case 4.—A. B., a 65-year-old white male, entered the Wisconsin General Hospital 
because of increasing coldness and paresthesia in the right foot and intermittent claudica- 
tion of the right leg. Examination revealed definite decrease in temperature on the right 
as compared to the left leg, extending to mid calf. All pulsations were present except 
the right posterior tibial and dorsalis pedis. Scratch fluorescence was present in all 
marks of both legs and feet; but from mid calf down on the right, they were definitely 
less brilliant than the opposite leg. Significant, though not critical vascular tissue 
starvation of the right leg was diagnosed. Conservative treatment resulted in moderate 
improvement, and he was discharged. If he follows instructions, a considerably long 
period of activity will be afforded him. However, we expect his arterial disease to 
gradually become more severe and necessitate his return for more drastic treatment. 
The ability of the test to show lesser degrees of vascular impairment is demonstrated. 


Case 5.—]. W., a 63-year-old female, had been a patient in this hospital one year 
prior to the present entry. At that time, diagnoses of malignant hypertension, general 
arteriosclerosis, and bleeding gastric ulcer were made. A gastric resection was done. 
During her convalescence, she began to develop gangrenous ulcers of her left foot 
and calf. Pulsations were absent below the left femoral. The disease progressed, and 
amputation was done by the Callander technic. The wound failed to heal at that level, 
and reamputation at midthigh was necessitated. She was discharged following uneventful 
healing and returned one year later because of pain, coldness, numbness, and paresthesia 
of the remaining leg. No gangrene was present. Pulsations below the femoral were 
absent. There was speculation as to whether a Callander amputation could be done on 
this side (conservative treatment having failed). Scratch fluorescence was present to 
the level of the adductor tubercle on the right thigh and absent below this, showing that 
Callander amputation would have met the same fate as it had previously when done on 
the left leg. Midthigh amputation was done. Though we have no case in which 
amputation was deliberately done in an area of absent scratch fluorescence, this case 
illustrates by inference the probable results. 


Case 6.—W. McL., a 66-year-old man, had previously been a patient in the Wis- 
consin General Hospital because of Buerger’s disease. Chemosurgical removal of a 
gangrenous ulcer had been performed, but not attended by complete healing. He returned 
for further treatment. Scratch fluorescence was present to the immediate supramalleolar 
level, but absent below. There was also a level at the tibial tubercle, below which the 
scratch fluorescence was decreased in intensity. It was decided to try a calf ampu- 
tation. This was followed by healing of the suture line, but a pressure necrosis ulceration 
over the area of the beveled edge of the tibial stump occurred. The low resistance 
of the tissue there allowed this to reach considerable size before débridement and local 
measures checked it. Healing was progressing well though at a somewhat reduced rate 
when it was decided that the best result would follow reamputation at the supracondylar 
level. This was done with prompt healing. This case illustrates the poor results of 
local treatment in areas of absent fluoréscence and also the somewhat impaired healing 
ability in areas of decreased fluorescence. 


It must be emphasized that, though the test indicates the lowest level of 
amputation likely to be attended by prompt healing, it is not to be concluded 
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that such a level or its vicinity is necessarily the site of choice. We feel 
strongly that aged, decrepit patients should have an amputation (when 
necessary) at a level not only where healing will occur, but where it will 
be permanent. To amputate these cases below the knee is to court trouble, 
and offers no particular advantage. On the other hand, in younger persons 
with greater reserve who require amputation, the test affords a method of 
selecting the lowest feasible level, and allows better functional results. 
Though certain of these cases may require later reamputation, they have 
been afforded a more active life in the interim, and are better able to stand 
a second operation. 
SUMMARY 


A new, simple, and apparently reliable test for extent and degree of 
vascular insufficiency is introduced. Its component parts are described, 
and their bases in logic discussed. The equipment necessary, and the technic 
of performance are presented. Clinical considerations are outlined with cases 
to support them. It is recommended that other clinics adopt the procedure 
and further analyse its possibilities. A later paper is planned in which 


a more exhaustive evaluation will be presented. 
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POOLED HUMAN SERUM* 


Captain Epwarp B. Seir, M.C., A.U.S., THaLumer, M.D., 
AND JOHN M.D. 


New York, N. Y. 


FROM THE DEPARTMENT OF SURGERY, PRESBYTERIAN HOSPITAL, AND THE SURGICAL PATHOLOGY LABORATORY 
OF THE COLLEGE OF PHYSICIANS AND SURGEONS, COLUMBIA UNIVERSITY, NEW YORK, N. Y. 


DURING THE PAST FOUR YEARS, the medical literature has contained many 
articles dealing with the advantages of pooled human plasma as a_ blood 
substitute. In England and Canada, the use of pooled human serum has 
been extensive ; experiences with serum in the United States, however, have 
been limited to a small number of observers, and, this, despite the favorable 
results published in the English journals. The present paper is a report 
on the administration of 297 units of human serum to 136 different patients. 

Experimental Background.—The therapeutic efficacy of serum in shock 
has been firmly established. Best and Solandt* produced shock in 70 dogs 
by three different methods: (1) histamine administration ; (2) skeletal trauma; 
and (3) extensive hemorrhage. Their dogs were under nembutal anesthesia. 
Hematocrits, blood volume determinations (blue dye method), and serum 
proteins were done. Some animals were in shock from three to five hours. 
They found that, whereas, injections of adrenalin and pituitrin were ineffective, 
and dextrose and saline were temporarily effective, infusions of serum were 
followed by recovery in 60 out of 70 dogs. Bond and Wright® induced shock 
in 31 dogs by manipulation of the intestine, by trauma, and by bleeding. 
The blood pressure was kept between 50 and 60 mm. of mercury for one- 
half to two hours before therapy was started. Controlled and saline infused 
dogs all died rapidly, whereas, dogs treated with serum lived for the duration 
of the experiment. Magladery*’ states that serum and plasma are equally 
effective in treating experimentally induced shock, but that concentrated 
serum is no better than isotonic serum. George Whipple,*! in plas- 
maphoresis experiments, showed that when the red cells were suspended 
in dog’s serum and reinjected “the toxic effect of the plasma depletion is 
removed. Thus blood serum proteins are stabilizing or protective factors. 
This may be their most important function.” 

That serum is effective, likewise, in correcting shock in humans is 
attested to by numerous observers. Bick,’ in Australia, Best and Solandt,' 
in Canada, Hayes,'’ in India, and many workers in England are enthusiastic 
about the use of serum.* * ': 8 In the United States, however, the pendulum 
has swung so far over in favor of plasma that clinical experience with serum 
is more limited. Elliott,'* Hughes, Mudd, and Strecker,!® !7 Levinson,” *! 


* This article is based wholly upon observations made at the Presbyterian Hospital, 
New York, N. Y., before Captain Edward B. Self entered active military service. 

Much of this paper is a condensation of a thesis submitted by Captain Edward B. 
Self in partial fulfillment of the requirements for the degree of Doctor of Medical 
Sciences, Columbia University, New York, N. Y., awarded in May, 1943. 
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Necheles,?* and Strumia®® have used serum fairly extensively, and some 
experience has been had by others.1 74 Hyland’® prefers serum in trans- 
fusing children because the sodium citrate in plasma may combine with 
calcium to cause tetany. The consensus of opinion appears to be that serum 
is equally as effective as plasma, although associated with a higher incidence : 
of reactions. 

Our series includes 49 cases of shock. The response of these patients 
to serum infusion was excellent and, as might be expected, was exactly 
the effect one would have anticipated from an equal amount of plasma. 

The liquid serum was provided by Dr. William Thalhimer, of the Man- 
hattan Convalescent Serum Laboratory. Blood was obtained for this project 
from American Red Cross donors. Prerequisites for blood donations were: 
a negative history for syphilis, malaria and recent infectious disease; normal 
temperature ; hemoglobin over 80 per cent; normal pulse and blood pressure. 

Five hundred cubic centimeters of blood were drawn into a sterile bottle 
and clotting allowed to occur. Under sterile technic, the clot was cut into 
four parts and allowed to stand overnight in the refrigerator so that 
maximum retraction could take place. In the morning, after centrifuging, 
all serum and loose cells were drawn off and again centrifuged. Only 
clear supernatant serum was now withdrawn. This was tested for con- 
tamination and the serum held for seven days in the refrigerator until the 
bacteriologic tests assured sterility. Only serologically-negative serum was 
used. Enough serum was now pooled to make up nine liters (from approxi- 
mately 45 donors) and further sterility tests were done. Merthiolate was 
added to make a dilution in the serum of I-10,000, The pools were then 
filtered through 10- x 3-inch Mandler filters, and the serum was drawn 
for final sterility tests after which the ampoules were sealed with a blow 
torch. The proportion of the blood groups in the largest pool was: blood 
group O —48; group A —38; group B —8; and group AB —4. 

Dried serum was supplied through the cooperation of Dr. C. P. Rhoads, 
of the Memorial Hospital, New York. It was prepared from the frozen state 
by the method of Folsom,’* at Doctor Thalhimer’s laboratory. 

Analyses of the electrolyte content of serum pools were done for 
sodium, potassium, carbon dioxide, and chloride. All figures were within 
normal range (except for CO, which was low). The protein content of the 
serum pools as determined by the micro-kjeldahl method was between 6.8 
and 7.0 grams per cent. This contrasted with a figure of 4.5 to 5.5 grams 
per cent for many plasma pools tested. The higher protein concentration of 
the serum is, of course, due to the fact that no anticoagulant and diluent had 
been employed. 

All infusions were given without previous cross-matching, and with no 
consideration paid to the blood group of the particular patient. In the 
early months, when concern was held for possible severe reactions, the pulse, 
respiration, blood pressure, and rectal temperature of the patient were 
recorded before, during, and after administration; and in some cases, 
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electrocardiograms were done. After the giving of serum, rectal tempera- 
tures were taken every hour for four to six hours. Late reactions were 
watched for. Venous pressure readings were measured before, during, and 
after some infusions. Blood samples were drawn immediately before, Io to 
60 minutes after, and 24 hours after giving of serum. Hematocrit and 
plasma proteins** were done on these samples; and in many instances the 
concentration of sodium, potassium, chloride, and carbon dioxide capacity 
were determined.2* With few exceptions the serum was given via infusion 
sets which had been cleaned by a strict technic and which were autoclaved 
within four hours to eliminate, as far as possible, pyrogenic contamination. 
Later in the study, blood bank infusion sets were used, and no increase in 
the rate of reactions was noted. 

The total number of units of serum transfused was 297, all but a few 
of the units being in 500 cc. amounts. The quantity of serum administered 
at a single injection varied from 50 cc. in a few babies to a maximum of 
4000 cc. in a burn case. The total amount given in several infusions to one 
patient was 5850 cc. The average dose of serum per case was 580 cc. 


UNITS OF SERUM USED 


d. Operative and postoperative shock..............-ceeeeeee 18 

S$. Prophylactic (before and after 22 


Shock Due to Skeletal Trauma.—The three patients in this group had 
multiple compound fractures. One was bleeding from the external auditory 
meatus, and had obvious cerebral injury. He died shortly after arrival, 
while serum was still being transfused. The second case lived after ampu- 
tation through the condyles of humerus for compound fracture. The third 
case (age 70) died 24 hours later. Autopsy revealed a fractured skull 
with laceration of the brain. 

Shock Due to Hemorrhage.—Nineteen cases were included in this cate- 
gory. In general, these patients were benefited by serum therapy. Six died, 
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four from continued bleeding within 12 to 36 hours after serum (laceration of 
aorta, bleeding esophageal varices, wound of the vena cava, etc.). All except 
two had either transfusions of whole blood or red blood cells. 

The lowest hematocrit in this series to survive was 16.5 per cent. The 
smallest amount of serum required for treatment was 250 cc., the largest 
1500 cc., with the average being 750 cc. 

The following case is illustrative: 


DIAGNOSIS: RUPTURED ECTOPIC PREGNANCY 
NO. 633812 V.G. 


EES OEE 6.0 Gm. % tion 6.5 Gm. % 
134.4 mEq./L. 132.1 mEq./L. 
3.7 mEq./L. 3.7 mEq./L. 
105.3 mEq./L. 105.0 mEq./L. 


Therapy: 400 cc. normal saline and 
500 cc. serum given before operation. 
400 cc. serum during operation. 
500 cc. blood after reaching ward. 
Remarks: Patient in shock. Given saline followed by serum before and during 
operation. Shock responded well. Convalescence uneventful. 


Shock Due to Dehydration.—Seven cases fall in this class. In these states 
serum and salt are the medications of choice. Transfusions of whole blood 
may be contraindicated because of the elevated cell volume. The following 
is presented as an example of several we have seen, 7.¢e., dehydration shock 
suddenly occurring in a patient where the loss of fluid and base from an 
enterostomy, or fistula, is not properly evaluated. Such collapse is often 
unsuspected because the urinary excretion appears to be adequate, and it is 
erroneously assumed that the state of hydration is satisfactory. 


DIAGNOSIS: COMMON BILE DUCT FISTULA 
NO. 627438 N.B. 


4/22/41 4/22/41 4/26/41 
a eee 9:00 AM 3:30 PM 10:00 AM 
Hematocrit......... 50.3% 1000cc.serum 33.5% 2000 cc. 25.5% 
Plasma proteins..... 10.2 Gm.% followed by 8.1 Gm.% 5% dextrose, 6.7 Gm.% 
Plasma sodium...... 500 cc. saline 127.4mEq./L. 400 cc. serum 132.6 mEq./L. 
Plasma potassium... 7.2 mEq./L. and 1000 cc. 6.9 mEq./L. clysis of 4.9 mEq./L. 
Plasma chlorides. ... of dextrose 104.1 mEq./L. 3000 cc. 111.3 mEq./L. 
5% dextrose 
in saline. 


The magnitude of hemoconcentration is not appreciated from the hematocrit alone 
and illustrates the necessity of simultaneous plasma protein determinations. This case 
also shows the characteristic increase in potassium concentration together with the 
typical decrease in sodium concentration associated with hase depletion—in this instance 
due to loss of bile. 

Clinically: For two days before collapse, the patient was mentally confused and 
drowsy, with dull eyes and cold extremities. Following treatment with fluids and 
serum, her skin became warm and her general condition immediately improved. 


Operative and Postoperative Shock.—Of 18 patients in this group, all 
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but one are recorded as showing improvement following serum. The indica- 
tion for therapy was a falling blood pressure during a prolonged operative 
procedure or during the postoperative course. The systolic blood pressure 
was usually below 80 when therapy was begun. Blood studies after serum 
demonstrated the expected hemodilution together with a fall in plasma 
protein concentration. 


*Venone bland 


(Reproduced from Scudder, J., and Elliott, R. H. E., Jr., South. Med. and Surg., 104: 651-658, 1942) 


Burns.—Our experience with serum in burns is limited to 15 cases, 
but this small number is outweighed by the excellent clinical response and 
by the fact that serum was used in the treatment of a patient with the highest 
hematocrit to survive (73 per cent). The amounts of serum given varied from 
500 cc. to 5850 cc. (the latter being equivalent to that obtained from 24 
donations of blood). .In many instances, serum was supplemented with 
plasma and later with blood. There were three deaths. One, a six-year-old 
colored child received only 500 cc. of serum, and died 24 hours following 
the accident. The second death resulted from a lung abscess eight weeks 
after admission. The third death occurred five hours after injury. When 
examined, this patient was in an alcoholic stupor and had received burns 
involving 60 per cent of his body surface. 

The following schema illustrates the relevant facts concerning blood chem- 
istry and therapy of D. R. No. 644068. His hemoconcentration (hematocrit 
73 per cent) was extreme, and he responded in a gratifying way to massive 
injections of serum." 

Notes on Case: 

1. Despite 4000 cc. of serum and 12,000 cc. of other fluids he still 
had an hematocrit of above 70 per cent at the end of 60 hours. 

2. Elevated potassium and lowered sodium and carbon dioxide ca- 
pacity occurred in the early period after the burn. 
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TABLE I 
*Hemo- *Hema- *Plasma *Plasma *Plasma *Plasma *Plasma *Whole Blood *Cell 
globin _tocrit Proteins Sodium Chlorides CO, Potassium Potassium Potassium 
(Gm.%) (%) (Gm. %) Combining 
Power 
(milliequivalents per liter) (milliequivalents per liter) 

“Normal values 14.5 47.0 7.0 142.0 103.0 27.0 4.40 50.0 103.0 

Days Time 
1 6:40 AM 18.6 57.4 6.77 139.7 104.8 14.7 4.28 55.6 93.8 
10:20 AM 21.8 70.7 6.77 141.0 i | a te 4.50 67.9 94.2 
1:05 PM 20.1 66.2 6.97 142.4 105.4 14.5 5.25 64.7 95.1 
2 7:45 AM 232 73.0 4.59 134.7 BS Gime 4.92 67.5 90.6 
1:30 PM 18.3 57.3 4.80 132.3 104.7 14.4 4.24 57.7 97.5 
3 8:30 AM 16.8 51.5 4.69 134.2 106.1 16.4 4.29 50.2 93.5 
4 S00AM $2.2 4.76 133.7 98.7 18.9 
6 7:30 AM secs 38.2 5.14 139.3 107.4 19.2 | ee 
7 9:30 AM 11.2 33.8 5.61 146.0 108.1 18.8 3.81 35.0 96.1 
8 33.0 6.16 153.0 115.0 24.4 3.67 36.8 104.2 
9 iy | ine 32.7 6.33 148.2 112.3 23.2 4.07 37.0 104.8 
22 4:00 PM 12.2 38.9 6.19 136.0 103.9 25.0 3.92 45.9 111.8 
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3. The rise of plasma proteins following massive injections of serum 
and blood was slow. 

4. Initial hemoconcentration was followed by anemia requiring 13 
transfusions of whole blood. 

5. In 30 days he received the equivalent in blood, serum and plasma 
of 43 donors. Such therapy was out of the question a few years ago 
before the establishment of blood banks. 

Septic Cases——The 14 cases were predominantly ones of generalized 
fibrinopurulent peritonitis. These patients showed a progressive trend toward 
hemoconcentration and hypoproteinemia. Serum proved temporarily helpful, 
but, unless the underlying pathology (bowel perforation, drainage of abscess, 
etc.) was corrected, the prognosis was always poor. 

Use of Serum Prophylactically and for Hypoproteinemia.—Forty-four 
patients were given serum as a prophylactic measure. This is the second 
largest group, and illustrates that, in a general hospital, serum will be 
employed chiefly in correcting disturbed nutritional states associated with 
hypoproteinemia, shock, and burns. Example: 


DIAGNOSIS: STENOSING DUODENAL ULCER. AGE 77 
NO. SI0QI7 W.P. 


Date Time Amount of Serum Hematocrit Plasma Proteins 
2/26/41 11 AM 1000 ce 30.8% 4.8 Gm.% 
2/26/41 10 mins. after ser-m 4 32.4% 6.0 Gm.% 
2/28/41 10 AM 1000 cc. 31.6% 5.8 Gm.% 
2/28/41 2 PM . 29.2% 6.5 Gm.% 


Note: Adequate amounts of serum have to be given to raise the plasma protein level. As a rule, too small 
doses are injected. This case received 140 grams of serum proteins to increase the concentration from 4.8 grams 
per cent to 6.5 grams per cent. 


1S SERUM SAFE ? 

The relative toxicity of serum is a disputed point. Reports in the literature 
vary from those who consider serum to be extremely toxic, even fatal, to 
those who claim to have used large amounts with no evidence of reaction. 
Table II will illustrate the variation in opinions: 


TABLE II 
Date Author and Reference Remarks 
1896 Weiss” Serum for al! species of animals is invariably toxic, often fatal. 
1900 Brodie? Intravenous injection of serum into cats causes respiratory arrest andstoppage 


of the heart, These effects are absent if vagi are cut. The active substance in 
the serum is a proteid, of the albumen class, and ig only produced when blood 
clots. Serum obtained from plasma is inactive. 

1918 Janeway”? Injected blood serum causes serious vasoconstriction. The responsible sub- 
stance is not a protein, but is a crystalloid. Although present in coagulated 
blood, it is not dependent upon the actual formation of the blood clot, with 
the possible exception of thromboplastin. 


1940 Clegg'® Has given many serum infusions, and as much as 1600 cc. at one time. Only 
one reaction (chill) noted. 

1940 Aldrich? Reactions from four-times concentrated serum—“insignificant.” 

1940 . Levinson”! No reactions noted in 47 patients. 

1941 BickS Three mild reactions in 16 cases. 

1942 Elliott!” One reaction in 23 cases. 

1942 Sharpey-Schafer® Has given large amounts of serum (2100 cc. in 16 ‘minutes) to many cases. 
Only reaction is ‘‘occasional mild wheals.”’ 

1943 Ackroyd! Has given 2012 units of serum to over 800 patients. No evidence of serum 


toxicity. Reaction rate four per cent. 
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REACTION RATE IN THIS SERIES 
In the present series of serum transfusions, the reactions are graded as 
follows: 
Grade o: (None) 
Grade 1: (Hives, itching, etc.) 
Grade 2: (Rise of 1° F.; rise of 2° F. in febrile cases) 


Grade 3: (Chill and fever) 
‘Grade 4: (Collapse; cyanosis; severe lumbar or chest pain; etc., re- 
quiring stopping of infusion or supportive treatment) 


TABLE III 
POOLED HUMAN SERUM 
REACTIONS 
Number of Grade Grade Grade Grade Total Per 
Type of Serum Transfusions 1 2 3 4 Cent 
Liquid, aged 2 months......... 157 3 9 18 7 37 
Fresh (1 day old).......... 4 + > 4 
Fresh (2 days old)......... 1 . 1 1 
162 3 9 23 7 42 25.9 
Fresh (5 days old)....... 2 1 1 
73 10 9 1 20 27.4 
Concentrated, 3 times (liquid)... 6 1 te ag 2 3 50.0 
Miscellaneous (refiltered)....... 3 2 66.7 
244 4 19 34 10 67 27.5 
(1.6%) (7.8%) (13.9%) (4.1%) 
Total excluding fresh, concen- 
trated, and miscellaneous... 228 3 19 26 8 56 24.6 
Type of plasma 
157 2 2 1 2 7 4.5 
71 0 2 2 1 5 7.0 
228 2 4 3 3 12 5.3 


Although in most instances it was a simple matter to determine the 
presence or absence of a reaction, this was not always so. Certain patients 
received transfusions of whole blood immediately before or after serum. 
A reaction in such a case would be difficult to evaluate. Such cases are not 
counted in Table III. 

In febrile patients, it was often a matter of opinion as to whether or 
not the infusion of serum was followed by a real febrile response. The 
statistics in Table III are, therefore, accurate only within the limitations 
and observations of the person judging the reaction. 

The incidence of reaction was 27.5 per cent for the 244 transfusions of 
serum. There was little difference between the reaction rate for the liquid 
and dried product. From this study there are certain deductions : 

1. Fresh liquid serum gave consistently 100 per cent chill-fever reaction 
rate. This lends credence to the earlier observations of Brodie,’ and Jane- 
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way.’® What this toxic factor is in fresh serum which disappears on aging 
is not known. It is, however, of no clinical significance because, today, fresh 
serum can not be given due to the time limitation imposed for determining 
the sterility of both the pool and the final container. 

2. Liquid serum prepared by concentrating in cellophane bags gave 
such severe reactions in three of the six patients that the remaining seven 
bottles were not used. Electrophoretic patterns done on this material revealed 
changes in both the albumin and globulin fractions.”® 

3. The chill-fever reaction (Grade 3) constituted the largest group, 13.9 
per cent. If the reactions due to fresh serum, concentrated liquid serum, 
and reworked serum are deleted, this reaction rate drops to 10.7 per cent. 

4. The ten severe reactions (Grade 4) which required stopping of the 
serum transfusion or immediate supportive therapy included two which occurred 
while giving the concentrated liquid serum described above. One was 
characterized by a drop in blood pressure to 60/40, dyspnea, pain in the 
neck, back, loins, and about the heart, and was relieved by adrenalin. The 
second, a nephrosis case, had such severe pain in the chest, kidneys, and 
back after 30 cc. that the infusion was discontinued and adrenalin injected. 
Five serum transfusions were stopped because of a shaking chill developing 
during its administration and two others because of lumbar pain. 

A phlebotomy with removal of 300 cc. of blood was necessary im- 
mediately after an infusion of 1000 cc. of serum. This case, one of an 
aortic aneurysm, received serum 11 days after wiring of the aneurysm. 
Just at the end of the infusion the patient became orthopneic, cyanotic, 
and developed wheezing respiration together with signs of cardiac failure. 
The phlebotomy relieved the condition. 

It is not wholly correct to blame serum alone for some reactions because 
certain individuals are known to be reactors. Example: One patient was 
given serum six days after closure of a disrupted wound. The serum was 
stopped within two minutes because of severe lumbar and xiphoid pain. Skin 
tests later showed hypersensitivity to the serum and the reaction was classed 
as anaphylactic. The remainder of the above serum (400 cc.) was injected 
the next day into a burn case without any untoward effects. Two other 
patients who developed chills with serum also had chills following whole 
blood transfusions. 

There was no fatality in this series attributed to the giving of serum. 
Reactions practically never occurred in patients being treated for shock. 
This is of practical significance. 

The total reaction rate, excluding the fresh, the concentrated liquid, 
and the reworked serum, was 24.6 per cent. 

In conclusion, it should be stated that giving of this serum is associated 
with a significant incidence of reaction, but that this incidence is not high 
enough nor are the reactions severe enough to warrant withholding the use 
of serum as a blood substitute. 
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Final 
Date 
Time 
Befor 
Infus 
Whol 
Plasr 
Plasr 
ge 
Othe 
mi 
tr: 
2000 cc 


2000 cc. of saline. B.P. rose to 120/100 within four hours after admission, Response excellert- 


Albumin Others 

Liquid Plasma Liquid Serum 

Dried Plasma Dried Serum 
Name: Age: 45 Group: AB Unit No.: 684005 

Sex: M Color: W Ward: KE 
Hospital: Presbyterian 
Acute enteritis due Salmonella Serial No. :S-206-207 
Type of Case: Surgical, Medical, Fracture, Urological, Obstetrical, Gynecological 
(underline) * Ward, Semi-private, Private 

Reasons for plasma, serum, etc.: Total Amount: 1,000 cc. 


Shock due to dehydration from diarrhea. Admitted in profound shock with 
blood pressure 20/0, cold and cyanotic. Peripheral veins collapsed. Clysis given 
because of inability to do venepuncture. 


Final disposition of patient : improved, unimproved, dead, autopsy _ 
(underline) js amitted 8/1/42. Transferred to Medicine 8/2. Discharged 9/3/42. 
Date | 8/1/42 (8/2/42 8/2/42| 8/4/42 
Time PM AM B:15 AMJ11:35 | 
Before, During, After pe 
A ysis' serum 
Infusion, Clysis 1500 eal 1000.6. 
Whole Blood Sp. Gr. | 
Hematocrit | 57.7% | 45.6% | 42.4% |45.0% 
Plasma Sp. Gr. 1.0358 |2-0265 | 1.0255|1.9280 
Plasma Proteins | 9.83 6.60 6.33] 7.18 
Na 
| 
Cl 
CO, Capacity 
Others Hgb. | 17.5 12.5 |14.5 | 14.6 
RBC 6130000 3580000 | 5040000 4240000 
WBC 7920 (4440 ©8700 | 6240 | | | 


Remarks regarding effect of 
material on blood chemistry prompt blood dilution with fall in the hematocrit and 
plasma proteins 


Clinical results of eachVein cut down on ind needle tied in. 1,000 cc. of serum run in rapidly. 


transfusion 
1,500 units of adrenal cortic:l extract injected i.v. This was followed 


Shock did not recur. 
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SELF, THALHIMER AND SCUDDER 


ANALYSIS OF PLASMA OR SERUM GIVEN 


Lot number 
Source Dr. Thalhiner 
Type: (specific) : 
Group 
Pooled yes 
Date drawn: eee 
Date pooled: 
Date given: 8/1/42 
Age in days: 
Amount given: 1,000 dc. 
Concentration: 
Isotonic yes 
Hypertonic 
Dilute 


Amount of Diluent 


Alone yes 

Before, During, or After (state) | After 
Saline 1,500 ¢c. 
Glucose 
Transfusion 
Eschatin____ Before’ 60 
Others | 
Operation 


Delivery 


REACTION 
Grade 0: yes 


(None) 

Grade 1: 

(Hives, itching, etc.) 
Grade 2: 

(Rise 1° F.; 2° in sepsis) 
Grade 3: 

(Chill and fever) 

Grade 4: 


(Collapse, cyanosis, etc., requiring 
mopring of infusion or supportive 


REMARKS: 


Excellent response. The serum was followed by 2,000 cc. of saline} 
infusion. 
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SERUM versus PLASMA 

The writers wish to emphasize at this point that we hold no brief for 
either one of these blood substitutes as opposed to the other. We believe 
that each has a place in the treatment of patients and that the blood bank 
of the future will dispense both substances. Personal experience with the 
use of dried and liquid pooled plasma on similar types of patients has been 
had, and it is fair to say that plasma and serum are equally efficacious 
clinically. They can be used interchangeably without noticeable difference. 
The chemical similarity and like origin of each makes it at once illogical 
to assume striking differences between them. It is true, however, that 
each possesses certain advantages which the other does not. 

A comparison of 157 transfusions of liquid serum with 157 of liquid 
plasma and 71 transfusions of dried serum with an equal number of dried 
plasma reveals a significant difference in reaction rate—24.6 per cent for 
serum and 5.3 per cent for plasma (Table III). 


ADVANTAGES 


Plasma; 
1. Lower incidence of reactions. 
2. Greater yield (2-4 per cent ?). 
3. Contains fibrinogen and prothrombin. 
4. More easily prepared as a by-product of a blood bank. Blood can be used as blood, or later processed 
into plasma. 


Serum: 

. Greater protein content; pools contain 7 grams per cent compared to 5 grams per cent for plasma. 
. Obviates expense and trouble of citrate. 

. Can be filtered; hence, bacterial sterility can be assured. 

. Liquid serum remains clear; plasma (unless recalcified) precipitates out fibrin. 

. Drying is easier without presence of citrate. 


SUMMARY AND CONCLUSIONS 

Pooled human serum is an effective blood substitute. Its therapeutic value 
has been demonstrated in the treatment of patients with various types of 
shock, burns, and hypoproteinemia, and as supportive measure in the sick 
and debilitated. 

Approximately 297 units of serum were given intravenously to 136 
patients. 

Serum administration is associated with a definite incidence of reaction, 
greater than with plasma. In this series the reaction rate was 27.5 per 
cent. Fresh serum, prepared and injected within 24 hours of the drawing 
of the blood, gave a severe chill and fever response in each case. 

Serum and plasma are equally efficacious and the reactions each causes 
are rarely severe, the choice between them becomes largely a question 
of convenience and practicability of preparation and administration. 

Serum is now being prepared at the Presbyterian Hospital Blood Bank 
to meet the need of supportive therapy in patients with low plasma proteins 
and low calcium. Massive replacement with serum rather than with citrated 
plasma theoretically is safer in such states, particularly in infants. 
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PLASMA VOLUME, “AVAILABLE (THIOCYANATE) VOLUME” AND 
TOTAL CIRCULATING PLASMA PROTEINS IN NORMAL ADULTS* 


Grace E. Grirrin, M.S., Wittiam E. M.D., 
Maynarp P. Pripr, M.D., Epwarp Munrwy ter, Ph.D., 
Freperick R. Mavurz, M.D., 


CLEVELAND, 


FROM THE DEPARTMENTS OF BIOCHEMISTRY AND SURGERY, SCHOOL OF MEDICINE, 
WESTERN RESERVE UNIVERSITY, CLEVELAND, OHIO 


MUCH ATTENTION has been devoted to the elucidation and establishment of 
the importance of (1) extracellular dehydration; (2) reduced plasma and 
blood volume; and (3) hypoproteinemia and protein depletion in such con- 
ditions as hemorrhage, traumatic shock, burns, intestinal obstruction and 
fistula, acute and chronic starvation, etc. There have been numerous attempts 
to use laboratory methods for the quantitative measurement of the body 
deficits in order to aid in their more accurate correction in the patient. 
Empirical rules have been formulated for blood transfusion based upon the 
hematocrit or the erythrocyte count, NaCl and water administration based 
upon the plasma chloride concentration, plasma replacement based upon 
the hematocrit, plasma protein concentration, ctc. Inasmuch as all these 
rules may work fairly well in special instances and to the detriment of the 
patient in other instances, we can expect more attempts to formulate better 
criteria. As a matter of fact, this study is the outgrowth of an attempt to 
formulate a grid to make possible more accurate quantitative replacement of 
body fluids and simple enough for general clinical use, with an accuracy not 
being limited to any special type of clinical condition. Furthermore, it was 
hoped especially that the degree of protein depletion of a patient could be 
measured by the simultaneous determination of plasma volume and plasma 
albumin concentration and by comparison with normal standards to estimate 
quantitatively the extent of protein depletion. 

In studies dealing with nutritional hypoproteinemia in the dog, Weech 
and his coworkers,!? and Sachar, Horvitz and Elman*® noted that the loss 
of total circulating plasma albumin was a small but relatively constant part 
of the total nitrogen lost, and our own observations have led to somewhat 
the same conclusion.* It occurred to us that in patients with hypoproteinemia, 
associated primarily with malnutrition, a knowledge of the deficit of total 
circulating plasma albumin might be of aid in evaluating approximately the 
extent of body protein depletion. In other words, in patients following 
periods of protein starvation the simultaneous determination of the plasma 
volume and the plasma albumin concentration should give values from which, 
by comparison with normal standards, the extent of dehydration and protein 
depletion could be evaluated more accurately. 

It is evident that the success of the foregoing approach to the problem 
depends not only upon a reasonably constant relationship between the decline 


* Aided by a grant from the John and Mary Markle Foundation. 
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of the total circulating plasma albumin and the loss of tissue protein during 
a period of inadequate protein intake but also upon reasonably constant 
levels of the plasma volume and total circulating plasma albumin in normal 
persons with the same physical measurements. The primary object of the 
present study was, therefore, to determine the constancy of the plasma volume 
and of the total circulating plasma albumin in normal adults of the same 
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CHART 1 


physical measurements. To this end, plasma volume and plasma protein 
determinations were carried out on a series of 63 normal male and 14 normal 
female subjects. Simultaneous determinations of the “available (thiocyanate ) 
volume,” hematocrit and plasma chloride were also performed. 


METHODS 

The determinations of the plasma volume and of the “available (thio- 
cyanate) volume” were made by the direct method of Gregersen and Stewart? 
as adapted to the photo-electric colorimeter by Gibson and Evelyn. The 
subjects, for the most part medical and dental students, were studied routinely 
in the morning approximately three hours after a light breakfast and im- 
mediately after a one-hour lecture. ‘The breakfast was essentially fat-free, 
consisting of a glass of fruit juice, two pieces of dry toast with jelly and 
one cup of black coffee or its equivalent as water. The subjects were re- 
cumbent during the entire experimental period. The antecubital vein of 
one arm served for the withdrawal of the control blood sample and the 
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injection of the test substances. The antecubital vein of the other arm was 
used for the withdrawal of three experimental blood specimens, at 15-minute 
intervals after the time of injection. The blood was withdrawn with minimal 
stasis, employing lubricated syringes. The drawn blood was immediately 
discharged into 15 cc. centrifuge tubes containing heparin as the anti- 
coagulant. The tubes were stoppered tightly and centrifuged at 2500 
r.p.m. for 20 minutes. The plasma specimens were then transferred to 
other stoppered tubes and centrifuged again for 20 minutes at the same rate, 


TABLE 
COMPOSITION OF THE BLOOD OF NORMAL MEN AND WOMEN 
Number of Standard 
Observations Mean Deviation Minimum Maximum 

Men: 

Total plasma protein, Gm. per 100 cc. 63 6.62 0.35 5.8 723 

Plasma albumin, Gm. per 100 cc...... 62 4.72 0.33 4.2 5.3 

ed 63 48.2 235 42 53 

Plasma chloride, m. Eq./L........... 59 101.5 3.1 96 107 
Women: 

Total plasma protein, Gm. per 100 cc. 14 6.53 0.31 6.0 732 

Plasma albumin, Gm. per 100 cc...... 12 4.62 0.33 4.0 532 

PET CONE. 14 42.3 38 47 

Plasma chloride, m. Eq./L........... 14 101.4 2:3 99 106 


The concentration of the dye in the plasma at “zero” time was obtained by 
linear extrapolation of the density values for the three 15-minute experimental 
plasma samples against time. The mean of the density values obtained with 
the second and third experimental plasma samples (30 and 45 minutes after 
injection) was employed to calculate the plasma concentration of thiocyanate. 

A portion of the control blood specimen was used to determine the 
hematocrit value, in duplicate and undiluted, with the aid of Van Allen 
hematocrit tubes. Pooled plasma from the four blood specimens was used 
for the protein and chloride determinations. Total plasma protein and 
plasma albumin were determined by micro-Kjeldahl, employing the technic 
of Robinson, Price and Hogden‘ for globulin filtration after precipitation with 
22.2 per cent sodium sulfate solution. Chlorides were determined by the 
method of Wilson and Ball.® 

RESULTS 

The results of the blood determinations carried out on the present series 
of normal adults, 63 males and 14 females, have been summarized in Table I. 
It will be noted that the values fell within the same ranges of variation for 
normal adults as have been reported by a number of laboratories. The 
findings for males and females exhibited no significant differences except 
in the case of the hematocrit readings which were definitely lower in the 
females. 

Scatter diagrams, as illustrated in Charts 1, 2, 3 and 4, were prepared 
from the data collected on the male subjects to show the relationship between 
plasma volume, “available (thiocyanate) volume,” total circulating plasma 
protein and total circulating plasma albumin on the one hand and the body 
surface on the other. It will be observed immediately that in each instance 
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there was a considerable scattering of the points. The solid line in the center 
of each diagram represents the calculated line of regression, indicating the 
trend of the several values to increase with an increase in the body surface.* 
In order to show the range of variation to include the respective values of 
g5 per cent of all normal adult male subjects, the broken lines in each figure 
were constructed on the basis of the line of regression taking plus or minus 
two standard errors of estimate from the line of regression. Since the 
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number of subjects is small and the range of body surface is comparatively 
narrow, this method of analysis of the data is not entirely free from criticism 
statistically. On the other hand, it should serve to indicate the ranges of 
variation which one can expect with the methods employed for the various 
determinations in given adults of the same physical measurements. Thus, in 
the case of the relationship between the plasma volume and body surface, the 
line of regression plus or minus two standard errors of estimate, or the line of 
regression + 655 cc., includes 95 per cent of the values for all normal adult 
males. Stated in another way, it will be seen from Chart 1 that for a man 


* The method of least squares as outlined by Snedecor® was used in calculating the 
line of regression. 
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with a body surface of 1.90 square meters, the normal plasma volume range, 
with 95 per cent certainty, would be approximately from 2000 to 3300 cc. 


TABLE II 


RELATIONSHIPS BETWEEN BODY FLUIDS AND VARIOUS PHYSICAL MEASUREMENTS IN NORMAL MEN 


Area Weight Height 
Sq. M. Kg. Cm. 
Plasma Volume: 
Number of observations*.............. 59 59 59 
Mean physical measurement........... 1.90 73.16 176.8 
Mean plasma volume, cc. 2686 2686 2686 
Plasma volume, cc./unit of body size... 1414 36.72 15.19 
Regression coefficientT, 1244 22.27 23.12 
Standard error of estimatet, 327.6 336.0 340.8 
Standard error of estimate x 100 + mean plasma volume... 12.20 12.5? 12.69 
Available (Thiocyanate) Volume: 
Number of observations*........................ oak 58 58 58 
Mean physical measurement..................... ast 1.88 71.97 175.8 
Mean “‘available (thiocyanate) volume,”’ in liters... . ; 16.24 16.24 16.24 
“Available (thiocyanate) volume,” liters unit of body size. . 8.64 0.226 0.093 
Regression coefficient, 11.30 0.185 0.185 
Standard error of estimatef, liters................ 1.41 1.59 1.65 
Standard error of estimate x 100 + mean “av ailable 


* Three of the plasma volume values (two of ‘‘available (thiocyanate) volume’’) are averages of two deter 
minations of the subjects. 
+ The increase in plasma volume (or “‘available (thiocyanate) volume’’) per unit of physical measurement. 


t Standard deviation from the line of regression. 


TABLE III 
RELATIONSHIP BETWEEN CIRCULATING PLASMA PROTEINS AND VARIOUS PHYSICAL MEASUREMENTS IN NORMAL MAN 
Area Weight Height 
Sy. M. Kg. Cm. 
Total Circulating Plasma Protein: 
Number of observations*........ : Pace 59 59 59 
Mean physical measurement. : ats 1.90 73.16 176.8 
Mean circulating protein, 177.8 177.8 177.8 
Circulating proteins, Gm. /unit of body: size... , 93.58 2.43 1.00 
Regression coefficientt, Gm.. . oe ee 71.20 1.078 1.246 
Standard error of estimatet, Gm.............. 23.68 24.46 24.14 
Standard error of estimate x 100 + mean circ siskione prote’n 13.32 13.76 13.58 
Total Circulating Plasma Albumin: 
Number of observations*............-....... 57 57 57 
Mean physical measurement................. ree ; 1.90 73.11 176.6 
Mean circulating albumin, Gm............. 125.8 125.8 125.8 
Circulating albumin, Gm. /unit of body size. . : 66.21 1.72 0.71 
Regression coefficientt, Gm......... 60.22 0.997 0.945 
Standard error of estimatet, Gm...... if 17.32 18.11 19.11 
Standard error of estimate x 100+ mean circ mietiog albumin 13.77 14.40 15.19 


* Three of the observations are averages of two determinations on the subjects. 
+ The increase in total circulating plasma proteins (or albumin) per unit of physical measurement. 
t Standard deviation from the line of regression. 

When a similar consideration was given to the relationship between the 
“available (thiocyanate) volume,” total circulating plasma protein and total 
circulating plasma albumin on the one hand and body surface on the other, 
the ranges of deviation from regression with 95 per cent certainty were found 
to be + 2.8 liters, + 47.4 Gm. and + 34.6 Gm., respectively. Thus, the 
approximate normal ranges would be: “Available (thiocyanate) volume” 13.0 
to 19.0 liters, total circulating plasma proteins 130 to 225 Gm., total circulating 
albumin go to 160 Gm. 
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The statistical analysis of the data for the male subjects on the relation- 
ships between the body fluids and circulating plasma proteins and the various 
physical measurements has been summarized in Tables If and HI. By 
focusing attention on the per cent that the standard error of estimate* 
represents of the several mean values, it will be seen that the best correlation 
with physical measurements was encountered with the “available (thiocyanate ) 
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volume,” followed in order by the plasma volume, total circulating plasma 
protein and total circulating plasma albumin. Further, a similar comparison 
of the magnitude of the standard error of estimate with respect to the mean 
values for the various physical measurements reveals little if any significant 
difference in the case of plasma volume and in the case of the total circulating 
plasma protein. On the other hand, in the case of the “available (thiocyanate ) 
volume” and the total circulating plasma albumin, the closest correlation was 
encountered with body surface, followed in order by weight and height. 
Since only 14 female subjects were studied, a similar analysis of the data 
was not attempted. Suffice it to state that all the values for the plasma 
volume, “available (thiocyanate) volume” and total circulating plasma 


* The standard error of estimate is the standard deviation from the line of regression 


and includes 67 per cent of all normal values. 
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proteins obtained with the female subjects fell within the ranges of variation 
encountered for the males. 

The blood volume was calculated employing the plasma volume and 
the hematocrit. A scatter diagram showing the relationship of the blood 
volume to surface area showed that the deviation was approximately as 
great as that noted in the relationship of plasma volume to surface area. 
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From the present study it would appear that in normal adult males a 
slightly better correlation may be found with body surface than with 
either height or weight when consideration is given to the relationship 
between plasma volume, “available (thiocyanate) volume,” total circulating 
plasma protein or total circulating plasma albumin on the one hand and 
physical measurements on the other. It would also appear, however, 
that a considerable range of variation in the values may be encountered in 
normal adults of the same physical measurements. Thus, from the data 
presented in Table II, the expected range of plasma volume variation with 
67 per cent certainty for a man of 1.90 square meters body surface and 


a mean plasma volume of 2686 cc. was found to be + 327.6 cc., while the 
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expected range of “available (thiocyanate) volume” variation with 67 per 
cent certainty for a man of 1.88 square meters and a mean “available 
(thiocyanate) volume” of 16.24 liters was found to be + 1.41 liters. 
Similarly, from Table III, the expected range of total circulating plasma 
protein variation with 67 per cent certainty for a man of 1.90 square 
meters body surface and a mean total amount of circulating plasma protein 
of 177.8 Gm. was found to be = 23.68 Gm., while the expected range of 
total circulating plasma albumin variation with 67 per cent certainty for 
the same person having a mean total amount of circulating plasma albumin 
of 125.8 sn was found to be + 17.32 Gm. In this connection, it might be 
pointed out that in their series of normal subjects Gibson and Evans’® 
noted that the differences in plasma volume of individuals of comparable 
age, sex, height and weight may be considerable. 

Although the number of subjects studied in the present report was 
admittedly small and the physical measurements fell within a comparatively 
narrow range, the variations encountered in the plasma volume and the 
total amount of circulating plasma albumin in subjects of the same physical 
measurements preclude their usefulness as intended; that is, the possible 
deviations were found to be so great that in a patient with malnutrition 
a clinical evaluation of the extent of dehydration and of protein depletion 
with any degree of certainty would be questionable, if based upon a 
comparison of the determined levels of the plasma volume and the total 
amount of plasma albumin with the respective so-called normal standards. 
The data obtained lead to the conclusion that the chief clinical value of the 
plasma volume and the total circulating plasma albumin determinations 
lies in observing the changes of these factors in a given subject during 


a test period. 
SUMMARY AND CONCLUSIONS 


Determinations of the plasma volume, “available (thiocyanate) volume,” 
total circulating plasma protein and total circulating plasma albumin were 
carried out in 63 normal adult males and 14 adult females. The various 
values were related to body surface, weight and height. The study was 
carried out with the object of establishing normal levels for the plasma 
volume and the total amount of plasma albumin, on the assumption that a 
knowledge of the deficits of plasma volume and total circulating plasma 
albumin might aid in evaluating, clinically, the extent of dehydration and 
the degree of protein depletion in patients with hypoproteinemia asso- 
ciated primarily with an inadequate protein intake. The results and con- 
clusions may be briefly presented as follows: 

1. For normal adult males, the relationships between plasma volume, 
“available (thiocyanate) volume,” total circulating plasma protein or total 
circulating plasma albumin on the one hand and physical measurements on 
the other revealed a slightly better correlation with body surface than with 


either weight or height. 
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2. Rather wide ranges of variation of the foregoing factors were en- 
countered in normal male subjects of the same physical measurements. From 
statistical analysis of the data, the expected ranges of plasma volume and the 
total circulating plasma albumin variation, with 67 per cent certainty, for 
a man of 1.90 square meters body surface having a mean plasma volume 
of 2686 cc. and a mean total amcunt of circulating plasma albumin of 125.8 
Gm, were found to be 327.6 cc. and + 17.32 Gm., respectively. 

3. These ranges of variation are of such a magnitude that a clinical 
evaluation, with any degree of certainty, of the extent of dehydration and 
of protein depletion in patients following periods of protein starvation would 
be questionable, if based upon a comparison of single observation of levels 
of the plasma volume and the total amount of circulating plasma albumin with 
the respective normal levels. 

4. The determinations of plasma volume and total circulating plasma 
albumin would appear to find their principal usefulness in observing changes 
in these factors during a given test period by serial determination. 

5. All the values for the plasma volume, “available (thiocyanate) volume” 
and total circulating plasma proteins determined on the 14 female subjects 
fell within the ranges of variation encountered for the males. 
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MALIGNANT GRANULAR CELL MYOBLASTOMA INVOLVING 
THE URINARY BLADDER 


A. Ravicu, M.D., A. P. Stout, M.D., ann R. A. Ravicu, M.D. 


FROM THE UROLOGICAL DEPARTMENT OF THE ADELPHI HOSPITAL, BROOKLYN, N. Y. 
AND THE LABORATORY OF SURGICAL PATHOLOGY, COLUMBIA UNIVERSITY, N. Y. 


THIS IS A REPORT of a granular cell myoblastoma involving the urinary 
bladder which exhibited the histologic characteristics of a benign neoplasm 
in its primary manifestation and yet metastasized widely, causing death. 

It seems necessary to identify the tumor which we choose to call granular 
cell myoblastoma and explain the reason for using this name, which is not 
the one most commonly employed. The tumor type was first described by 
Abrikossoff, in 1926, and called by him myoblastic myoma (myoblasten- 
myom). In 1931, he published a second paper in which he described the 
histologic features of four different varieties of the tumor: (1) The typical 
form made up of round, egg-shaped, or elongated myoblasts from 20 to 25 
microns long with granules but without longitudinal or cross striations ; 
(2) a variation of the first type in which some cells show longitudinal or 
cross striations; (3) an hypertrophic form with cells from 40 to 160 microns 
and sometimes multinucleate. These first three groups are all composed of 
granular cells and all are benign tumors. (4) Malignant myoblastic myoma 
in which the myoblasts are not granular, but assume atypical aspects and 
vary in size so that the tumor resembles a polymorphous sarcoma. He had 
no personal experience with this fourth group but cited the case of von 
Meyenburg as an example of it. 

The observations of Abrikossoff have been repeatedly confirmed but most 
unfortunately subsequent authors have elected to use the term myoblastoma 
indiscriminately -for all four of Abrikossoff’s groups without emphasizing the 
important histologic and clinical distinctions between the first three benign 
groups and the fourth malignant group. 

This omission becomes serious when Howe and Warren warn us that 
myoblastoma is more often malignant than is generally supposed, since five 
of their ten cases behaved like malignant tumors, without making it perfectly 
clear that all of the malignant tumors belonged to Abrikossoff’s fourth group 
of myoblastomas. 

Indeed, until the case here reported was observed by us we were firmly 
convinced that no example of a malignant primary granular cell myoblastoma 
belonging to any of Abrikossoff’s first three groups had ever been recorded, 
None of Howe and Warren’s malignant cases do so, nor do any of the ten 
malignant cases which they have culled from the literature. One of us 
(A.P.S.) has studied these ten cases and is convinced that none of them, 
in its primary manifestation, belonged to Abrikossoff’s first three groups. In 
Morpurgo’s second case, the metastases resembled the metastases of the case 
we are about to report but the primary tumor was quite different. 
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We feel, therefore, that tumors belonging to Abrikossoff’s first three groups, 
since they are almost all benign, should be labelled clearly with a distinctive 
name so that they will not be confused with the other forms of striated muscle 
tumors most of which are malignant. For this reason we choose to use the 
name “granular cell myoblastoma.”’ This is not new, since it has already 
been employed by Lattes and Horn and Stout, and it appeals to us as 
eminently reasonable and necessary. It is beyond the scope of this paper to 
discuss the propriety of using the term myoblastoma for Abrikossoff’s fourth 
group, but we may be permitted to regret that he ever chose to include it 
with his first three groups since it has provided such a potent source of 


confusion. 

Case Report.—D. Y., white, male, age 31, single, a pressman, was first seen by 
one of us (A. R.) on March 29, 1943. According to the mother he had been a deaf 
mute since the age of one when he had cerebrospinal meningitis. In 1037, he had had 
osteomyelitis of the left ankle following injury, for which he was operated upon twice. 
He had had diurnal frequency every two to three hours and nocturia at least once for 
many years. There had been painless hematuria, with urinary frequency every hour, 
for 11 days before admission. 

Physical Examination—The subject was a young deaf mute, quite emaciated and 
anemic. The heart was normal in size, with a pounding apex beat and loud sharp 
systolic and rough diastolic murmurs heard over the aortic and pulmonic valves. The 
lungs were clear. The abdomen was scaphoid in type. Liver, spleen and kidneys were 
not felt. A large, very firm, smooth, nontender mass was felt in the lower abdomen 
as far up as the level of the anterior iliac spine, extending on the right to the iliac 
and pubic bones and into the true pelvis. B. P. 120/54. The urine was port wine in 
color and essentially negative except for the blood. Rectal examination revealed a 
very large, firm, immobile, smooth mass filling almost the entire true pelvis and 
more prominent on the right than on the left. The upper limit of the tumor mass 
could not be reached by palpation through the rectum. Preliminary roentgenograms of 
the kidneys and bladder showed obliteration of the kidney outlines by gas. There 
was a rather wide separation of the symphysis pubis. Attempt at cystoscopy failed. 
A No. 21 F. sound could be passed but was deflected far to the left. Rectal palpation, 
with the sound in the urethra, showed a normal prostate and left seminal vesicle. The 
large mass palpated to the right of the prostate was highly suggestive of an unusual 
type of tumor that appeared to arise from either the right lateral lobe of the prostate 
or the right seminal vesicle. A No. 16 F. Coudé rubber catheter was passed into the 
bladder and only a small amount of slightly blood-tinged urine was withdrawn. The 
patient was immediately sent to the Adelphi Hospital, with a tentative diagnosis of an 
unusual giant-sized sarcoma involving the bladder, prostate and right seminal vesicle. 

At the hospital an intravenous pyelogram, reported by Dr. Asa B. Friedman, 
revealed a functionless right kidney. The left renal function was normal and the 
pelvis showed slight hydronephrosis. The lower third of the left ureter was lifted 
upward by a deformity of the bladder (Fig. 1). The crescentic-shaped bladder was 
markedly deformed by a large, smooth, regular, oval mass that filled the major part of 
the bladder area and seemed extrinsic to the bladder. The bladder itself showed a small 
capacity and was pushed far upwards and to the left, overlying the left anterior superior 
spine of the ilium. A roentgenogram of the chest was negative. 

The blood showed 62 per cent Hb., R. B. C. 3,210,000; W. B. C. 9,400, 76 per 
cent polys., 19 per cent lymph., 5 per cent mononuclear. Blood sugar 95.4 mg. per 


100 cc., urea nitrogen 158, creatinin 1.3. 
Owing to the unusual type and size of the tumor mass a celiotomy was considered 


362 


. 
Age 


GRANULAR CELL MYOBLASTOMA 


Volume 121 
Number 3 


*pazueyoun uleurs. 
sZurpuy Jappelq 0} B sey 94} JO pus JIaMO] 
ul sivedde Mou Joppeiq sysom xIs—fvOr ‘41 sem 
SEM DUO SY} JO MOYS 0} SUTeIZO[aAd “DIY 


363 


: 
tore ae 
— 


RAVICH, STOUT AND RAVICH Annals of Surgery 


preferable to a perineal approach, even though it was thought at the time that we were 
dealing with a sarcomatous tumor arising from the right seminal vesicle. 

Operation.—April 1, 1943 (A. R. and R. A. R.) : Under spinal anesthesia, a midline 
incision extending from the umbilicus down to the symphysis pubis was made. The 
tumor mass was exposed and found to be smooth, well encapsulated, of hard rubbery 
consistency, heart-shaped, and about the size of a large grapefruit. It was tightly wedged 
into and filled the entire right iliac fossa, the right false and true bony pelvis and 
pressed against the sacrum. At its contact with the urinary bladder, which was thinly 
stretched across the upper left border of the tumor, the neoplasm lost its distinct 
demarcation which characterized the rest of the mass and apparently merged imper- 
ceptibly with the musculature of the bladder which was torn into during the enucleation 
of the tumor from this area. The entire mass was carefully enucleated from its sur- 
rounding tissue bed by blunt dissection. A number of large vessels leading directly into 
the mass were ligated and cut. A tiny area which was intimately adherent to the upper 
part of the right external iliac vein was dissected away with the radio knife in an 
attempt to prevent extension of the growth and at the same time avoid tearing into the 
vessel. The apex of the mass was in the region of the right seminal vesicle. The 
longitudinal tear into the right wall of the bladder offered an opportunity for careful 
study of the interior of that viscus, which, aside from the deformity in outline, was 
otherwise normal in appearance. The bladder neck was normal, though pushed far up 
and to the left. No enlargement of the prostate was discernible and only the left 
ureter orifice was seen. Careful search for the right ureter orifice failed to locate it, 
nor could the right ureter be recognized in the right pelvis either during or after the 
removal of the tumor mass. 

The longitudinal rent in the bladder was repaired and sutured around a Pezzar 
catheter and five cigarette drains were placed into various areas of the tumor bed and 
around the bladder. The wound was closed in layers, and the patient returned to his 
bed in good condition. 

The postoperative course was slow but uneventful. The Pezzar catheter fell out on 
the 13th day and he started voiding per urethram on the 23rd day. On several occasions 
the suprapubic sinus reopened but it closed eventually, and he was discharged from 
the hospital with the wound and fistulous tract almost entirely healed on May 24th. 

Because of a suspicion that the right ureter had been accidentally tied off and cut 
during the operation, an intravenous pyelogram was taken April 21st, three weeks 
after operation. It showed good function in the left kidney which was apparently 
normal but again no dye was visible in the right kidney. No visualization of the bladder 
outline could be obtained because of the leakage through the suprapubic fistula. No 
changes were noted in a similar study made on May 17, 1943 (Fig. 1). Roentgenograms 
of the gastro-intestinal tract, taken May 2oth, showed no intrinsic organic disease. 
An electrocardiogram showed a tendency to right axis deviation. Blood chemistry 
findings remained at the samé levels throughout his hospital stay. His blood on April roth 
showed 69 per cent Hb. and R. B. C. 3,300,000. 

Pathologic Examination—The specimen was a large mass of firm rubbery con- 
sistency, measuring 12 x Il x 9 cm., and weighing 570 Gm. It was of a grayish-yellow 
color and apparently well encapsulated. The surface showed fibrous bands which con- 
stricted portions of the mass and gave it a somewhat nodular appearance. On section, 
the tumor was smooth, fibrous and generally homogeneous in appearance, with two 
apparently fresh hemorrhages (Fig. 2). 

A diagnosis of granular cell myoblastoma was made after microscopic examination. 
Details of the histopathology are recorded at the end of the autopsy report. 

Subsequent Course.—Slight leakage through a pinpoint suprapubic fistula persisted 
until August 13, 1943 (103 days following operation) after which the cicatrix was 
firmly healed. Cystoscopy 80 days after operation showed a bladder capacity of 90 cc., 
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Fic. 2.—Photographs of surface and sagittal section of tumor removed at operation April 1, 1943. 


Fic. 3.—Roentgenogram of the 2nd lumbar vertebra taken August 29, 1944—two days 
efore death, showing advanced destruction. 
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moderate general cystitis, considerable degree of trabeculation and congestion of the left 
ureteric orifice ; the right ureteric orifice was not visualized. Cloudy urine and frequency 
continued at 104 days, but he felt well enough to return to his arduous work as pressman. 

On November 24, 237 days after operation, there was slight rectal bleeding, 
apparently from small internal hemorrhoids. Rectal palpation at this time revealed slight 
thickening and fullness on the right side of the pelvis for the first time since operation. 
Roentgenograms and an intravenous pyelogram showed no dye and no kidney outline 


Fic. 4.—Photograph of the entire urinary tract, aorta, retro- 
peritoneal lymph nodes and recurrent tumor which formed one 
mass with the bladder and prostate. The right kidney is dis- 
tended. The markedly dilated right ureter plunges into the pelvic 
tumor mass below. 
on the right side, but a normal left kidney. Left kidney function was good, with slight 
hydronephrosis, but a fairly normal left ureter. The bladder was seen on the left side 
of the pelvis. No masses were palpable suprapubically. Forty-seven days later, on 
January 10, 1944, an indefinite mass could be felt through the rectum extending above 
and confluent with the right side of the prostate. He had no subjective symptoms at this 
time, but on February 4th he complained of slight pain in the lower abdomen. The 
mass felt through the rectum on the right side was larger and abdominal palpation 
revealed a small indefinite mass in the left iliac fossa. Palliative roentgenotherapy was 
given by Dr. Asa B. Friedman from February 12 to April 17, 1944: 10 x I5 cm. 
left suprapubic and left sacral ports were used. The factors were: 200 K. V.; 50 cm. 
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Fic. 6.—Photograph of the spleen with countless metastatic foci. 


skin distance; filter 0.5 Mm. Cu. plus 1 Mm. Al. 2500 r. were given through each 
port delivering a tumor dose of 3000 r. This produced symptomatic improvement, with 
disappearance of the pain. On March 3oth the rectal mass felt larger and the 
abdominal mass slightly smaller. 

By May 5th, however, the pain returned in the left flank and grew increasingly 
severe. He was readmitted to the Adelphi Hospital, June 17, 1944, with the idea of 
removing the recurrent pelvic tumor, which at this time seemed more prominent in the 
left iliac region than on the right side. Two days later, a roentgenogram of the spine 
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showed some destruction of the 2nd lumbar vertebra, which was interpreted by Dr. 
Friedman as a metastatic lesion. Because of this finding, any further operative pro- 
cedure in the pelvis was deemed futile. The vertebral destruction became progressively 
greater until the end (Fig. 3). 

Although his general condition was quite good at this time, he soon began a 
gradual decline. Pain was kept fairly well under control by roentgenotherapy of the 
vertebra, cobra venom and later various narcotics. His inguinal nodes became enlarged 
and, on July 25th, two of them were removed and showed metastases. Toward the end, 
emaciation and cachexia became extreme and he finally died August 31, 1944, 17 months 
after the first operation. 


Fic. 7.—Photograph of the dome of the skull with metastases in the frontal area. 

Autopsy.—Dr. D. M. Grayzel: The following pertinent findings are taken from 
his report. 

There was a large recurrent tumor mass in the pelvis which extended upward 
to the second lumbar vertebral body posteriorly and to within 5 cm. of the umbilicus 
anteriorly. It encased the urinary bladder which had only a small cavity and the bladder 
wall seemed to be composed of tumor tissue. Both ureters plunged into the tumor mass 
and were lost within its substance. The sigmoid was displaced by the tumor but 
apparently was not involved by it. The right kidney was purple-brown, cystic, and its 
pelvis was distended. The right ureter was dilated up to a diameter of 3 cm. and 
kinked in several places. The left kidney was reddish-brown and did not show 
gross evidences of disease. The retroperitoneal chain of lymph nodes were enlarged 
by tumor all the way up to the diaphragm (Fig. 4). Above it the esophageal and 
tracheobronchial nodes and the nodes on the superior surface of the pericardium also 
seemed involved. The enlarged iliac nodes were continuous with much enlarged 
inguinal nodes on both sides. The liver weighed 1250 Gm., and extended 4 cm. below 
the xiphoid process. It was studded throughout with nodules averaging 3 Mm. in diameter, 
some of which were confluent (Fig. 5). The spleen weighed 720 grams and was 
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Fic. 8.—Photomicrograph of the primary tumor showing the arrangement of 

the cells and their relative shape and size. 


Fic. >-—Phetsalereoph showing details of the cells of the primary tumor 
and the characteristic granular cytoplasm. (x 600) 
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speckled throughout with fine yellow nodules, confluent in some areas (Fig. 6). The 
left lung weighed 190 Gm. and the right 250 Gm. At the base of the right lung was 
a 9-Mm. tumor nodule just beneath the pleura. The body of the second lumbar vertebra 
was soft and yellow-gray, and the tumor was adherent to it. Metastatic tumor in the 
frontal bones formed bony nodules, up to 3 cm. in diameter, which could be seen 
and felt beneath the scalp (Fig. 7). The rest of the viscera including the brain 
showed no evidence of metastases. 

Anatomic Diagnoses: Tumor of urinary bladder (granular myoblastoma?) involving 
prostate gland, liver, spleen, lymph nodes, right lung, pericardium, skull, vertebra, 
peritoneum and pelvic tissues; right hydronephrosis and hydroureter, bilateral hydro- 
thorax, hydropericardium; emaciation, decubitus ulcers and deformity of left foot. 
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Fic. 10.—Photomicrograph of the tumor at autopsy. At the right a detail from the recurrent mass 
showing large granular cells like those in the primary tumor mingled with much smaller cells. At 
the left, small cells characteristic of the final malignant phase of the tumor. They show lack of 
cohesion and a tendency in some to form chondriosomes. (x 600) 

Microscopic Examination: This, in general, confirmed the provisional diagnoses: 
The bladder wall was completely replaced by tumor up to the mucosa. Metastases were 
present in the second lumbar vertebra and frontal bone, the liver, spleen and all lymph 
nodes sectioned. Not only was the nodule in the right lung composed of tumor cells 
but all sections made from the lungs contained tiny foci. 

The primary tumor is made up of cords of large, irregularly rounded and plump 
elongated cells with relatively small nuclei and voluminous cell bodies filled with fine 
acidophilic granules. No longitudinal or cross striations are observed. No mitoses are 
found but some of the larger cells have more than one nucleus and there is some variation 
in the relative size of the nuclei. The cords of cells are separated by slender strands 
of connective tissue (Figs. 8 and 9). 

Recurrent Tumor and Metastases: In a few places, notably in the local recurrent 
tumor mass and the lung metastases, cells resembling those in the primary tumor are 
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encountered (Fig. 10) but for the most part the tumor cells have a different appearance. 
The majority are very much smaller, more definitely rounded, and they appear as distinct 
units instead of being in cohesive cords. The nuclei are relatively much larger, more 
hyperchromatic and the cytoplasm proportionately greatly reduced in amount. No 
mitoses are found. In most of the cells the granular habit of the cytoplasm is maintained 
but occasionally there seems to be some chondriosome formation (Fig. 10). In none 
of the many sections prepared were any definite cross striations or longitudinal fibers 
seen. It must be remarked, however, that the tissue was fixed in formalin and no 
reliable preparations with Haidenhain’s hematoxylin or phosphotungstic acid could be made. 

CoMMENT.—There was some question in our minds as to the exact site 
of origin of this tumor because at the first operation the major portion of the 
growth was outside of the bladder. However, its only intimate attachment 
was to the bladder wall and it would seem more probable that its origin was 
from this structure than from the retroperitoneal tissues outside of it. 

The histologic features of the primary tumor compel us to classify it as 
an example of Abrikossoff’s third group of myoblastic myomas or granular 
cell myoblastomas, as we prefer to call them. We have been unable to find 
any reports of this tumor form arising either in the bladder or in the retro- 
peritoneal tissues. These granular cell myoblastomas are almost certainly 
of rhabdomyoblastic origin, as was originally pointed out by Abrikossoff on 
histologic grounds and confirmed by the, as yet unpublished, observations on 
tissue cultures. by Dr. Margaret Murray, of the Laboratory of Surgical 
Pathology of Columbia University. The suggestion of chondriosome forma- 
tion in some of the metastatic tumor cells may also be regarded as confirma- 
tory evidence. 

It need not be any cause for surprise that an embryonal striated muscle 
cell tumor should arise in the bladder for there are a number of cases of 
rhabdomyoma and rhabdomyosarcoma of that organ on record. Montpellier, 
in 1929, found records of 12 cases. Ten years later, Uhlmann, Grossman 
and Calvin found seven more, and we have found at least seven other cases 
not included in those two groups (Jani and Stolz, 1932; Bailey, 1934; 
Planque, 1937; Hirsch and Brown, 1938; Vermooten, 1939; and Hunt, 
1943, two cases). All of these tumors were composed of more or less differ- 
entiated rhabdomyoblasts usually with cross striations and none had the 
granular cells characterizing this tumor. Most of them occurred in children 
and displayed their malignancy by rapid infiltrative local growth. Metastases 
were very uncommon. 

But perhaps the most important observation here recorded is the fact 
that one of these granular cell myoblastomas has behaved like a malignant 
tumor and metastasized. So far as our information goes, this is the first 
proved case to have exhibited this phenomenon among 50 cases recorded in 
the Laboratory of Surgical Pathology of Columbia University, and nearly 
100 other reported cases. It will, therefore, no longer be possible to regard 
the granular cell myoblastoma with equanimity as an entirely benign neoplasm 
which never metastasizes. On the other hand, such an event must be ex- 
tremely uncommon so that usually it need not be anticipated. 
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SUMMARY 
A malignant granular cell myoblastoma is reported which arose probably 


in the urinary bladder, recurred following excision, and caused death with 
metastases 17 months after operation. The primary growth is identified as 
an example of Abrikossoft’s third group of myoblastic myomas. As such, it 
is believed to be the first example of its kind to have developed in the bladder 
and also the first record of such a tumor to metastasize and cause death. 
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THE TREATMENT OF ACTINOMYCOSIS WITH PENICILLIN 


Mas. Joun M. Waker, M.C.,A.U.S., 
AND 
Capt. JosepH W. Hamitron, M.C., A.U.S. 


FROM THE SECTION OF SEPTIC SURGERY, BUSHNELL GENERAL HOSPITAL, BRIGHAM CITY, UTAH 


WITHIN THE PAST YEAR (1943-1944) six cases of actinomycosis have 
been treated with penicillin at the Bushnell General Hospital. All of these 
cases were under the supervision of one of us (J. M. W.), and it is upon 
the observations and study of these cases that this paper is based. 

During the past 18 months we have been interested in seven cases 
of actinomycosis admitted to our wards. These cases were proven actino- 
mycotic infections by the finding of the ray fungus both macroscopically and 
microscopically. Most of these cases had received various other forms of 
therapy, including roentgenotherapy, potassium iodide and sulfa therapy. 
However, we felt that in the large percentage of these cases adequate sulfa 
therapy had not been given. It was our plan to treat five cases with penicillin 
therapy. which was done; and then to treat two cases with adequate sulfa 
therapy alone. In the last group one of the cases was a success and the other 
case must be considered a definite failure as a recurrence, with positive drain- 
age, took place four months later while under sulfa therapy. This one case 
is included in the present series as a successful result of penicillin.therapy. 

Herrell,'’ March 4, 1944, reported four cases of actinomycosis treated 
with penicillin at the Mayo Clinic, with two failures. He does not state 
the amount of penicillin used or the length of time that penicillin was admin- 
istered. It is our contention, from our own experience, that the treatment 
of actinomycosis with penicillin should be a prolonged one and that surgery, 
when feasible, should be employed in conjunction with this form of therapy. 

‘“Actinomycosis is an infectious granulomatous disease characterized by 
the destruction of tissue, suppuration, and an overgrowth of fibrous tissue.’’* 
This to us is an excellent description of the disease, and one immediately be- 
comes aware of the chronicity of the disease and why the morbidity may be 
a prolonged one. Meleney,® in a recent article, in discussing drug therapy 
in infectious disease. lays great stress on the difference between medical and 
surgical infections and the pathologic characteristics which differentiate them. 
This is a fundamental article and well illustrates the difficulties encountered 
in treating actinomycosis with any drug. It is our feeling that even though 
the drug is extremely potent and may be lethal to the Actinomyces, that 
anyone who expects to cure a chronic actinomycotic infection in a few days 
with any form of drug therapy is going to be disappointed. 

In September, 1942, Waksman and Woodruff* reported that penicillin 
had a definite bacteriostatic effect on the Actinomyces. Since that time several 
other investigators have corroborated these findings. We found great diffi- 
culty in growing these organisms, due principally to the fact that the 
Actinomyces are micro-aerophilic and we were unable to get the correct 
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environment for growth. Due to these findings and because of the beneficial 
effect of other bacteriostatic agents, notably the sulfonamides® on actino- 
mycosis, we started penicillin therapy on July 4, 1943, in the clinical treatment 
of actinomycosis. 

The six cases of actinomycosis will be broken down into three subgroups 
in order to illustrate more adequately the disease process and the problems 
of therapy: 

Group I: Cases with only soft tissue involvement (two cases). 

Group II: Cases with bone involvement as well as soft tissue involve- 

ment (three cases). 

Group III: Cases with generalized systemic involvement (one case). 


GROUP I 


Case 1.—White, male, age 28, born in Missouri. Patient’s past history was non- 
contributory. In July, 1942, he had a left lower third molar tooth extracted. Two weeks 
later he developed swelling, pain and tenderness in the left inframandibular region which 
progressed, and, in September, 1942, an incision and drainage in this area was carried 
out. On November 1, 1942, he developed pain, swelling and tenderness in the left 
temporal region and, December 13, 1942, he was transferred to the Bushnell General 
Hospital, with a large fluctuant abscess in the left temporal region and an indurated 
tender area, with fluctuation in the inframandibular region. Roentgenograms showed 
no bone involvement. 

Incision and drainage of the left temporal region and of the inframandibular region 
was carried out December 20, 1942. The diagnosis of actinomycosis was established 
grossly and microscopically. The wound continued to drain and he was treated 
with potassium iodide, ten drops t.i.d., from February 1, 1943, through February 24, 1943. 
He also received roentgenotherapy in February and March of 10943, 800 R. units. 
During this time there was no improvement. 

On April 5, 1043, sulfadiazine was started and carried out for two months for a 
total of 240 Gm. Under sulfadiazine therapy there was marked improvement. Both 
areas healed and there remained little or no residual induration. 

He was allowed to go home at this time on a furlough, and while at home had a 
definite recurrence, with swelling and induration in the inframandibular region. On July 
4, 1943, ray fungi were again demonstrated in the drainage from the inframandibular 
region and the patient was admitted for penicillin therapy. He received 15,000 units, 
q.3h., intravenously, for a total of 2,794,000 units for three weeks, with marked improve- 
ment and subsidence of all swelling. He was then sent to the Rehabilitation Camp, 
where he had a definite recurrence with positive drainage. 

He was retreated from September 16, 1943, until October 8, 1043, with penicillin, 
25,000 units, q.3h.} intramuscularly, for a total of 4,300,000 units. Again, he showed 
marked improvement, but even at the conclusion of therapy there remained a small 
weeping area in the inframandibular region. Scar tissue and underlying fibrotic tissue 
was then excised and the wound closed. At operation there was no evidence of sup- 
puration. The pathologic diagnosis of chronic, inflammatory tissue from the left 
inframandibular region was made. The wound healed per primam and _ remained 
soft, with no evidence of induration. 

He was discharged to duty on January 21, 1944. Recent follow-up by letter in 
April, 1944, states that he has remained well with no evidence of infection. 


Comments: This patient showed an excellent response to sulfadiazine 
therapy initially, and it is our feeling that if sulfadiazine therapy had been 
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continued he might not have had a recurrence. Secondly: This patient was 
the first that we treated with penicillin therapy and it is obvious that three 
weeks were not sufficient, as evidenced by a definite recurrence. Also, it 
should be noted that at this time we were giving penicillin intravenously while 
in the second course of therapy he received the drug intramuscularly. There 
is little doubt that the intramuscular use is preferable to the repeated 
intravenous method. Lastly: It should be noted that even at the conclusion 
of penicillin therapy a small weeping area in the neck remained which 
responded satisfactorily to surgical excision of scar tissue. If the patient 
were to be treated at the present time we would carry out early excision of 
scar and fibrous tissue while under penicillin therapy. 


Fic. 1 Fic. 2 
Fic. 1.—Group 1, Case 2: (7-24-43). Marked cellulitis of left inframandibular- region, before penicillin. 
Fic. 2.—Group 1, Case 2: (9-7-43). Six weeks later, at conclusion of peniciilin therapy. 

Case 2.—White, male, age 33, born in Minnesota. Past history was noncontributory. 
He had a third right lower molar tooth extracted on March 10, 1943. On April 20, 1943, 
he noticed a hard swelling just below the right mandible. This area increased in 
size and was moderately tender and he was hospitalized on April 30, 1943. On May Io, 
1943, R-15 was extracted, and on May 22, 1943, external incision and drainage was 
carried out. On June 21, 1043, Actinomyces were recovered from the drainage. The 
patient received potassium iodide from May 13, 1943, until July 1, 1043, with an 
average of 100 drops a day with no improvement. On July 20, 1943, he was transferred 
to Bushnell General Hospital. Examination at this time revealed the whole right side 
of the neck below the mandible indurated and tender, with fluctuation in four separate 
areas (Fig. 1). There was moderate drainage which contained sulphur granules. Roent- 
genograms were negative for bone involvement. On July 25, 1943, penicillin therapy 


375 


gery 
945 
cial 
, 
ino- 
lent ‘ 
ups 
ms 
e- 
n, 
le 
n 
1 


WALKER AND HAMILTON hs 


was instituted, 15,000 units, I.V., q.3h., for a total of 43 days, with a total dose of 
5,040,000 units. 

Three weeks after treatment had been instituted the neck showed marked improve- 
ment but there still remained an area of fluctuation. Treatment was continued for three 
more weeks, and this area subsided completely. At the conclusion of treatment on 
September 6, 1943, the entire neck was soft and pliable with no areas of induration or 
tenderness (Fig. 2). He was observed for three months and then discharged back to 
duty January 11, 1944. 


4 


Fic. 3a Fic. 3b 
Fic. 3.—Group II, Case 1: (9-21-43). Showing bone involvement of right mandible. 


Fic. 4a Fic. 4b 
Fic. 4.—Group II, Case 1: (4-22-44). Resshigninantaakte evidence of bone regeneration, with subsidence 
of infection. 


Comments: This patient had a marked infection which was, however, 
limited only to the soft tissues in the maxillofacial region. It is of interest 
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of that at the end of three weeks the disease process had not completely cleared 
and it was necessary to continue therapy for three additional weeks. 

ee GROUP II 

on Case 1.—White, male, age 33, born in Idaho. Patient’s past history was irrelevant. 

or On July 6, 1943, he had R-10 extracted because of pain. On July 8, 1943, he developed 

to swelling on the right side of the jaw, and on July 9, 1943, he was unable to open his mouth. 


The patient was treated with sulfadiazine from July 9, 1943, until September 2, 1943. He 
received five courses of sulfadiazine, 1 Gm. q.4h., with a total of 210 Gm. Under this 
regimen there was no improvement, and the diagnosis of osteomyelitis of the right 
mandible was made. On September 2, 1943, he was transferred to Bushnell General 
Hospital. 

Examination here revealed a chronic cellulitis of the soft tissues overlying tle lower 
third of the right mandible. Roentgenograms revealed bone involvement and_ several 
vacuoles were present in the right mandible, the largest of these measuring I x 1.4 cm. 
(Fig. 3 A and B). On September 23, 1043, a small sequestrum in the apex of the first 
molar tooth was extracted through the floor of the mouth. Following this the patient 
was treated with large doses of sulfadiazine, 1 Gm. q.4h., for a total of 168 Gm. and also 
200 R. units of roentgenray to the indurated area. However, he failed to improve, and 
on October 20, 1943, there was definite fluctuation just below the right mandible and 
a small incision was made. Sulphur granules were found and the diagnosis of actino- 
mycosis was established. 

On October 20, 1943, penicillin therapy was started, 25,000 units, IM, q.3h., and this 
was continued until October 20, 1943, when the dosage was reduced to 15,000 units 
IM, q.3h., which was continued until November I1, 1043, a total of 3,360,000 «nits. 
Under penicillin therapy there was a dramatic response. At the start of treatment 
there was marked trismus, the patient being able to open his mouth only one centimeter, 
and there was marked celiulitis. At the end of ten days the cellulitis had completely 
disappeared, and at the end of two weeks he was able to open his mouth completely. 

On November 23, 1943, 12 days after penicillin therapy had been discontinued, 
he developed swelling over the right mandible and roentgenograms at this time showed 
evidence of infection at the bases of most of the teeth. It was decided that all teeth 
should be extracted. Because of the cellulitis about the right mandible and also 
because of the previous occurrence of actinomycosis following tooth extraction, it was 
decided to treat the patient with penicillin while his teeth were being extracted. He 
was treated with penicillin from November 25, 1943, until December 22, 1943, with a 
total of 6,300,000 units. During this time both the upper and lower teeth were extracted, 
except for two which were left in situ in order to anchor dental plates. 

This patient had an uneventful course following teeth extraction. At no time 
were we able to note any drainage. He was followed for a period of seven months, 
It is interesting to note that the bony lesions had healed completely 


with no recurrence. 
by the time of discharge (Fig. 4 A and B). 

ComMENTs: This case is interesting for several reasons. The patient re- 
ceived a total of 378 Gm. of sulfadiazine previous to penicillin therapy without 
benefit. It is also interesting that the patient had a definite swelling following 
the first course of penicillin therapy. However, this swelling was not in 
the region of the original cellulitis but approximately three inches away. 
Whether this cellulitis was due to actinomycosis cannot be determined. It 
should be noted that following extraction of teeth plus penicillin therapy, the 
bony lesions in the right mandible cleared. 


Case 2.—White, male, age 23, born in Kansas City, Mo., first noticed tenderness 
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and swelling in the region of the left temporomandibular joint on May 24, 1943. He 
went to the Dental Clinic at a Station Hospital in California, and had four teeth filled. 
Four days later there was marked pain in the left side of the neck and jaw, and 
roentgenograms revealed an impacted left upper third molar, which was extracted. 
Twenty-four hours after operation pain and swelling increased, and there was fixation 
of the lower jaw, in occlusion. He was treated with sulfathiazole, 1 Gm. q.id. from 
June 12, 1943, until June 20, 1943. He was then transferred to a General Hospital . 
where he was given roentgenotherapy for three days, 300 R. units daily, for a total 
of 900 R. units. On July 2, 1943, an incision in the inframandibular region was made 
and sulfanilamide was placed in the wound. Drainage positive for Actinomyces was 
obtained. 

On July 23, 1943, he was transferred to Bushnell General Hospital. On examina- 
tion, there was marked cellulitis of the supramandibular region and of the inframandibular 
region, with a chronic suppurative wound in the inframandibular region. There was 
marked trismus, he being able to open his mouth only one centimeter. Roentgenograms 
of the left mandible at this time showed periostitis of the ramus of the left mandible and 
an abscess in the middle third of the left ramus. The drainage from the left infra- 
mandibular wound was positive for ray fungi. On July 25, 1943, the patient was 
admitted to the penicillin ward with a temperature of 99.8° F. Laboratory work-up was 
within normal limits. Penicillin therapy was started this day, 15,000 units, I.V., every 
three hours. He was treated for six weeks with this dosage, and the inframandibular 
region cleared but the supramandibular, region remained markedly indurated. Dosage 
was then increased to 25,000 units, IM, for two weeks, and the supramandibular region 
softened completely during this time. Trismus had disappeared at the end of six 
weeks. This patient received a total of 7,845,000 units of penicillin. Approximately 
three months after penicillin was discontinued he developed a small firm mass in the 
region of the submaxillary gland on the left side, and he was treated with sulfadiazine 
for three months, with clearing of this region. 


ComMMENTs: There are several interesting features in this case. This 
patient had extensive actinomycosis, with a marked overgrowth of fibrous 
tissue as well as bone involvement. He responded well to penicillin therapy, 
but only after a long course of treatment. He would undoubtedly have done 
better if surgery had been carried out while under penicillin therapy, with 
excision of the fibrous tissue. It is interesting to note that approximately three 
to four months after penicillin therapy had been discontinued he developed 
a firm nodule in the region of the submaxillary gland which subsided under 
sulfadiazine therapy. Roentgenograms taken in May, 1944, show a clearing 
of the periostitis, but there still remains a small area with decreased density 
in the body of the left mandible, which is apparently filling in satisfactorily. 


Case 3.—White, male, age 18, born in St. Louis, Mo. On December 12, 1943, he 
developed sore, swollen gums at the base of the incisor teeth of the lower jaw. On 
December 109, 1943, there was a fluctuant mass noted in the mental region. Incision 
and drainage was carried out, and drainage was positive for ray fungi. Roentgenograms 
taken on December 22, 1943, showed a punched-out area in the lower third of the right 
mandible. Following this he was placed immediately on sulfadiazine therapy, which 
was continued for four months. Treatment was started with sulfadiazine Gm. 1 q.4h. 
for two weeks and then cut down to Gm. 1 q.id., and then Gm. 1 t.i.d. The sulfadiazine 
blood level was maintained between 4 and 8 mg. per cent. Under this therapy he im- 
proved, but on April 16, 1944, an area in the mental region broke down at the site of 
the previous incision, and drainage was again positive for ray fungi. On April 20, 1944, 
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he was admitted to the penicillin ward and penicillin was started 25,000 units, IM, q.3h., 
which was continued until May 20, 1944, a total of 5,975,000 units. He showed im- 
mediate and marked improvement under penicillin therapy but there remained a hard 
indurated area in the mental region. On May 4, 1944, 14 days after penicillin therapy 
had been started, a transverse incision just below the mandible was made and scar 
and granulation tissue was excised. The bony lesion in the mandible was curetted at 
the same time. The wound was closed with interrupted silk sutures, and he had an 
uneyentful postoperative course. All signs of induration disappeared at the end of seven 
days, and penicillin was discontinued on May 20, 1944. 


ComMENts: This patient had very little cellulitis but had marked fibrosis 
of the soft tissue, with a good-sized defect in the mandible. Sulfonamide 
therapy was a failure in this case but there was a good response to penicillin 
plus surgery. It is worth observing that surgery was carried out two weeks 
after penicillin therapy had been started, with excision of dense, fibrous and 
granulation tissue, and that the wound was closed and healed per primam, 
Although this case has only been followed for a period of three weeks after 
the discontinuance of penicillin, the skin at this time is soft and pliable, with 
no evidence of induration. Follow-up has not been long enough, but the 
patient appears clinically cured. 


GROUP III 


Case 1—White, male, age 50, born in Los Angeles, Calif. He developed dyspnea, 
followed by cough, increased sputum and hemoptyosis in October, 1942, in Hawaii. He 
was hospitalized. No definite diagnosis was established but he was placed on potassium 
iodide, 30 drops t.i.d. and sulfathiazole, Gm. 1 q.i.d. for one month in November, 1942. 
He was then transferred to a General Hospital in December, 1942, where no definite 
diagnosis was established, but the diagnosis of a possible malignancy in the left upper 
lobe was entertained (Fig. 5). In February, 1943, he was transferred to another General 
Hospital and while enroute he developed pain, tenderness and swelling just below the 
right knee joint. This broke down in the later part of February, and a short time later 
the diagnosis of actinomycosis was established by finding ray fungi in the drainage 
from this area. He was treated with sulfathiazole, Gm. 1 q.4h., for 15 days in February. 
He continued to go downhill, with marked weight loss, increase in sputum and pain in 
the left chest. He was treated with sulfadiazine, Gm. 1 q.id. for three weeks in 
April, 1943. About this time infiltration about the right diaphragm was noted. 

On July 15, 1943, he complained of severe pain in the back and this became pro- 
gressively worse. On August 1, 1943, a right subhepatic abscess was incised and 
drained. Following incision and drainage of the abscess he failed to show improvement. 
His general condition by this time had become critical. He had lost approximately 
70 pounds in weight, and was taking either morphine, Gm. 0.015 or diluadid, Gm. 0.004 
every four hours. On August 24, 1043, he was transferred to Bushnell General Hospital 
and was admitted on the 25th. Examination at this time revealed a chronically ill, 
emaciated white male, who was in a critical condition. 

He complained of marked pain in the left upper and right lower chest. He was 
raising approximately roo cc. of thick sputum daily. Physical examination revealed 
dullness at the left apex, with occasional moist rales; decreased breath sounds at the 
right base, with moist rales on coughing. There was a draining abdominal wound 
which contained 6 to 8 feet of two-inch packing. The skin from the lateral and medial 
aspect below the right knee joint had been excised for an area of approximately 12 by 
8 cm. on each side but there were two draining sinus tracts, one laterally and one 
medially, which extended up toward the knee joint. Examination of the sputum 
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revealed typical sulphur granules, which were confirmed by laboratory diagnosis. 
The drainage from the right subhepatic area and, from just below the right knee joint 
showed gross and microscopic ray fungi. Temperature on admission was 100.2° F.; 
R. B. C. 3,100,000, hemoglobin 11 Gm.; W. B. C. 13,700, with a sedimentation 
rate of 37. 

Roentgenograms of the chest revealed an exudative fibrotic lesion in the left apex 
and a similar lesion at the right base, with fixation of the right diaphragm (Fig. 6). 


Fic. 5 Fic. 6 


/¢-93 


Fic. 7 Fic. 8 


Fic. 5.—Group III, Case 1: (2-2-43). Showing exudative infiltration and fibrosis of left upper lobe. 
Fic. 6.—Group III, Case 1: (7-17-43). Showing involvement of right base, with changes similar 
to those of left upper lobe. 
Fic. 7.—Group III, Case 1: (9-14-43). After three weeks of penicillin therapy. Note improvement. 
Fic. 8.—Group III, Case 1: (11-4-43). Two weeks after termination of penicillin, showing marked 
clearing of exudative reaction. 
380 
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Roentgenograms of the right knee joint showed slight to moderate destruction of the 
cartilage of the medial condyle of the femur. He was started on both systemic and 
local penicillin. He received 15,000 units, IM, q.3h., from August 5, 1043, through 
August 27, 1943, and then 25,000 units August 28, 1943, through September 15, 1943, 
and then 15,000 units from September 16, 1943, through October 20, 1943—a total 
of 8,170,000 units. He was receiving local penicillin, 250 units to the cubic centimeter, 
into the abdominal wound and to the granulating areas below the right knee joint. 


5 
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Fic. 9.—Group III, Case 1: (3-14-44). Inflammatory process has resolved, 
only residual fibrosis remains. 

There was a dramatic response to penicillin therapy. Within 24 hours it was 
possible to stop the narcotics. Within five days his temperature had become normal, 
and remained below 99° F. after this. Within two weeks time he had ceased raising 
sputum, and all drainage from the knee joint and subhepatic area had also ceased 
(Fig. 7). During the eight-weeks course of penicillin therapy he gained 25 pounds 
in weight. 

One month after penicillin therapy had been instituted, roentgenograms of the 
cecum and ascending colon were taken. Barium enema showed definite involvement 
of the cecum and ascending colon. After penicillin had been discontinued he continued 
to improve and all wounds had healed solidly at the end of 2.5 months. The patient was 
followed until May 5, 1944, when he was retired from the Army. In February, 1944, 
while there was no evidence of active infection, it was decided, because of the extensive 
nature of the disease, that a course of sulfonamide therapy should be administered ; 
and he received sulfadiazine, Gm. 1 q.i.d., and then Gm. 1 t.i.d. for two months. At the 
time of discharge he had no complaints, except for moderate dyspnea on exertion and 
pain in damp weather in the left shoulder joint. 


He had gained 63 pounds, R. B. C. was 4,800,000, with 15.2 Gm. of hemoglobin ; 
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and W. B. C. ranged between 6,000 and 8,000, with a normal differential. Sedimentation 
rate was I to 3 millimeters. Roentgenograms showed complete clearing of the process 
at the right base, except for a minimal amount of fibrosis. The right diaphragm which 
had been fixed had become mobile. There was still moderate fibrosis of the left upper 
lobe. G. I. series and barium enema showed no organic pathology, except for a diverti- 
_culum of the duodenum. An electrocardiogram was reported normal. 


Fic. 10.—Group III, Case 1: (4-17-44). Showing general nutritional! state 
at time of discharge. 


Comments: This case represents a severe, generalized actinomycotic 
infection, involving the left lung, right lung, right diaphragm, cecum and 
ascending colon, with a subhepatic abscess, and infection of the skin and 
underlying tissue below the right knee joint. Whether the knee joint itself 
was involved is open to question. There were two sinus tracts, one lateral 
and one medial, which extended up to the joint. Roentgenograms showed 
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only roughening of the cartilage over the medial condyle of the femur. The 
response to penicillin was brilliant. It was almost unbelievable to see the 
rapid improvement of this dying man to penicillin therapy. 

He was followed seven months after termination of penicillin therapy, with 
no evidence of recurrence. It should be noted that in February and March, 
1944, he received sulfadiazine therapy. Although the patient at this time 
showed no evidence of infection, one of us (J. M. W.) felt that the disease 
process had been so extensive that sulfadiazine as a prophylactic measure 
should be administered. Whether this had any effect is difficult to say. 

Discussion.—In these six cases of actinomycotic infection there are 
several interesting features. Only two of the cases had had a diagnosis of 
actinomycosis made before admission to this hospital. This is not particularly 
surprising, but we believe that with any chronic cellulitis, especially in the 
maxillofacial region, the diagnosis should be entertained, and once entertained 
it is usually soon established if present. However, the surgeon in charge 
of the case should establish the diagnosis by the finding of the sulphur 
granules. It then becomes his responsibility to see that these granules are 
promptly sent to the laboratory for examination. Frequently simply a swab 
of pus is sent to the laboratory for smear and culture, and the result is that 
the diagnosis is not made. 

In not one of these cases could a history of chewing straw, etc., be obtained. 
We thus feel in accord with Colebrook,® Cope,’ and others, that the fungus 
may be harbored in the human mouth, and we believe that Henrici® is correct 
in his assumption that the fungus may be modified to a fragmented or bacillary 
form in the mouth so that it is extremely difficult to identify. It also naturally 
follows that with trauma, such as tooth extraction or infection (gingivitis) 
a break in the mucous membrane plus tissue necrosis takes place and a fertile 
bed for the growth of a micro-aerophilic organism occurs. 

As far as penicillin therapy is concerned, the six cases illustrate the fact 
that penicillin is an effective agent in combating the disease actinomycosis. 
All six cases responded well to the drug. The response of Case 1, Group III, 
was nothing short of miraculous. Several of these patients were treated 
with repeated intravenous injections of penicillin. This method has been 
discarded as the intramuscular route is undoubtedly superior. It should be 
noted, also, that surgical excision of scar and underlying fibrous and granula- 
tion tissue was undertaken in two cases. We believe that this step is a good 
adjunct to penicillin therapy where there is marked overgrowth of fibrous 
tissue. Both cases healed per primam. It is evident because of the nature of 
the disease process that penicillin must be administered for an adequate period 
of time. We started out with the idea of treating these cases for three weeks, 
but from our own experience we found that it usually required six to 
eight weeks. 

There is little doubt that the sulfonamides are effective against this disease, 
and it might well be that a combination of the two drugs could be employed 
to advantage. Due to the fact that we were attempting to evaluate the effect 
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of penicillin this was not done. In two of the cases sulfadiazine was 
administered at a later date. 

There is little doubt that today penicillin is the most effective therapeutic 
agent we have in the treatment of actinomycosis, 


CONCLUSIONS 


*1. Six cases of actinomycosis were treated with penicillin therapy, with 
favorable results. It is fully realized that the follow-up periods have not 
been adequate to establish permanent cure. 

2. The treatment with penicillin must be prolonged. 
3. Surgical excision should be used as an adjunct to penicillin therapy 
when there is markéd fibrosis and scarring, which is amenable to it. 
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* A severe case of actinomycosis of inframandibular region with bone involvement 
has since been treated with penicillin and surgery with a favorable result. 
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